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ABSTRACT 
 
While adaptable building design is an area of increasing interest, there are few 
studies with quantitative empirical data regarding which physical characteristics of 
buildings are most effective at facilitating adaptation. Additionally, of the few 
adaptability evaluation tools that focus on characteristics of physical design, little has 
been done by way of validation. The primary purpose of the current thesis was to 
evaluate the relative importance of physical design characteristics to the adaptability of 
buildings (the ease with which buildings can be physically modified, deconstructed, 
refurbished, reconfigured, or repurposed) (Ross et al. 2016). For the purpose of this thesis 
research, characteristics of physical design were condensed into four “dimensions”: loose 
fit, long life, simplicity, and layer separation.  The secondary purpose was to test whether 
the presence of those dimensions is correlated with how decisions are made about 
building adaptations. This was done using expert elicitation (survey) and an analytic 
hierarchy process (AHP). The survey and AHP involved completing four objectives. For 
Objective 1, experts were asked to weight the relative importance of the four dimensions 
of building design to the adaptability of buildings. Utilizing the weightings determined 
for Objective 1, Objective 2 focused on quantifying the relative adaptability of four case-
study buildings from the Clemson University campus. Experts were asked to compare the 
buildings based on the relative presence of the dimensions, and this was used with the 
dimension weightings to compute relative adaptability scores for the buildings. Results 
from Objective 2 are referred to as the “dimension-based” results. For Objective 3, an 
“example-based” approach was used as an alternative means of quantifying adaptability 
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of the case study buildings. In this approach, relative adaptability scores were computed 
by having experts compare the buildings based on their attractiveness for hypothetical 
adaptation projects. Then to fulfill Objective 4, the two sets of relative adaptability scores 
from Objectives 2 and 3 were compared to determine whether the “dimension-based” and 
“example-based” methods gave similar results. Based on the experts’ responses, no 
significant differences between the dimension weightings could be demonstrated; 
therefore, the author recommends equal weightings for all four dimensions for use in 
adaptability evaluation tools. The results showed significant correlation between the two 
methods of scoring building adaptability, indicating that evaluating adaptability based on 
dimension presence reflected the adaptability of the buildings in simulated adaptation 
situations. 
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CHAPTER ONE 
 
INTRODUCTION 
 
“A building is not something you finish. A building is something you start.” This 
pithy line from Stewart Brand sums up the thesis of his seminal work on building 
adaptability, How Buildings Learn (Brand 1995). As technology, politics, business, and 
user demands are changing ever more rapidly, it is becoming more and more apparent 
that for our buildings to remain relevant they must be readily adaptable to new 
circumstances. According to Dolnick and Davidson, a building adaptation is a 
rehabilitation or renovation of an existing building or structure for any uses other than the 
present ones (1999). Adaptability is the ease with which buildings can be physically 
modified, deconstructed, refurbished, reconfigured, or repurposed (Ross et al. 2016). In 
recent years, organizations and researchers have developed design-for-adaptability (DfA) 
guidelines that present strategies for making new building designs more adaptable 
(Schmidt and Austin 2016; Kestner et al. 2010). However, there is a lack of empirical 
data demonstrating how effectively these strategies create more adaptable buildings. In 
addition, a consistent theme in recent technical literature on the topic has been the need 
for validated methods for measuring adaptability in new designs (Rockow et al. 2018; 
Heidrich et al. 2017). The current thesis addressed both the issue of quantifying the 
effectiveness of different design strategies, and the issue of measuring the adaptability of 
buildings. 
As research in sustainable building design has increased and matured, the issue of 
embodied energy has emerged as a primary consideration.  Buildings are often 
  2 
demolished well before the end of their physical lifespans, leading to waste of embodied 
energy (O’Connor 2004). This end-of-life waste can even outweigh lifetime energy 
savings produced by efficient systems and design (Wilkinson and Langston 2014). 
Therefore, sustainable building designs must consider not only the immediate future of 
the building, but the eventuality of the building becoming obsolete.  
Figure 1.1 shows the life cycle of a typical building (Rockow et al. 2018). As the 
building ages, it eventually ceases to meet user needs and is either demolished or adapted. 
The current thesis focused on the “Initial Design” stage of the life cycle; the main 
objective was to quantify the impact of initial design decisions on future adaptability. In 
other words, can design features included at the outset lead to an increased likelihood of 
later adaptation? If so, which ones, and to what extent? Can a building’s adaptability be 
quantified by measuring the presence of certain design features? To address these 
questions, an expert survey was developed to exclude contextual (e.g. social, political, 
historical) factors and focused solely on physical features (i.e. aspects of the physical 
design itself, such as dimensions, materials, etc.). Though physical features are not 
always what precipitate the decision to adapt or demolish a building, they are the only 
aspect of the building that can be influenced by designers. Other studies have looked at 
adaptability through the combined lenses of contextual and physical features (Geraedts 
2016; Conejos et al. 2013), but this thesis research was distinct in that it focused solely on 
physical features. In this way, this thesis research was able to “focus in” on one aspect of 
adaptability (i.e. physical design), and the conclusions drawn from this research could be 
applied to the previously mentioned studies to provide support for their conclusions about 
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the physical aspect of adaptability. The contextual issues explored in those studies are 
also important, but they are outside the scope of this thesis research. 
 
 
Figure 1.1: Building life cycle (Rockow et al. 2018). 
 
The current thesis identified four broad “dimensions” of physical design (loose fit, 
long life, simplicity, and layer separation) and calculated relative importance weightings 
for these dimensions, derived from expert elicitation. It also presented a methodology for 
measuring building adaptability based on both dimension presence and suitability for 
hypothetical adaptation projects. The methodology used expert elicitation and an analytic 
hierarchy process (AHP) and contributed to the study of quantification of adaptability in 
buildings in two ways: the results of this two-method measurement provided support for 
  4 
existing quantification tools that rely on the measurement of design features to judge 
adaptability, and the measurement methodology itself could be used as a jumping-off 
point for future development of adaptability quantification tools. 
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CHAPTER TWO 
BACKGROUND 
 
Definition of terms used in the current thesis 
In the current thesis, an adaptation was defined as a significant change to a 
building’s space plan, envelope, services, or structure, beyond an aesthetic update or 
rearrangement of furnishings. Specifically, this thesis focused on design-based 
adaptability, which refers to that adaptability that is due to the physical design of the 
building. Contextual features such as market demand, social issues, and historical status 
are not a part of design-based adaptability. According to Ross et al., design-based 
strategies are “aspects of a design that can be manipulated to increase the potential for 
adaptability” (2016, 421). There are numerous physical characteristics that can influence 
adaptability. For this study these characteristics were condensed into four general 
dimensions: loose fit, long life, simplicity, and layer separation. These dimensions are 
defined below. 
 
• Loose fit refers to openness in the floor plan and building section, and the ability of 
space to perform multiple functions with minimal adaptation (Council on Open 
Buildings n.d.). 
• Long life: The usable lifetime of a building can be extended through overdesigning 
the structure, using durable and high-quality materials, and through designs that slow 
the physical aging of a building (Ross 2017). 
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• In individual systems and buildings as wholes, simplicity indicates the use of regular, 
repetitive, easily understood parts or spaces with minimized unique conditions (Ross 
2017). 
• Layer separation is the physical and functional separation of building layers (i.e. 
space plan, envelope, structure, services) such that one can be modified or removed 
with minimized effect on other layers (Brand 1995). The building layers and their 
respective “recurrence intervals” are displayed in Figure 2.1 below. (Recurrence 
intervals will be further discussed in the Methodology section of this thesis.) 
 
 
 
Figure 2.1: Building layers and recurrence intervals (after Brand 1995). 
 
The dimensions listed above are reflective of some of the most influential and 
seminal work on building adaptability. The phrases loose fit and long life were coined by 
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Sir Alexander John Gordon, who, while serving as the president of the Royal Institute of 
British Architects, argued that buildings should be designed for long life, loose fit, and 
low energy (Gordon 1972). Since then, these have become common catchphrases used to 
describe certain DfA strategies. Similarly influential was Habraken’s support-infill model 
(Habraken and Teicher 1972), originally developed for large multi-family residential 
structures, which envisions a building as being composed of a base building, or 
“support,” and separate fit-out, or “infill.” Expanding this idea into multi-tenant spaces, 
the “support” is made up of the “bones” of the building that are used by all tenants, 
including the structure, envelope, stairways, elevators, and primary MEP systems 
(Kendall n.d.); the “infill” is created and organized by the occupants themselves for their 
own individual purposes, such as office spaces or residential units (Kendall n.d.). 
Proponents of support-infill theory advocate design methods reflective of the dimensions 
listed above in order to create the most flexible, undetermined “support” that can be used 
for a wide range of “infills.” 
 
Previous work in quantifying the adaptability of buildings 
As previously mentioned, quantifying the adaptability of buildings and identifying 
factors that influence adaptability have been areas of increasing interest to many 
researchers. A few of the most relevant works are reviewed here.  A more comprehensive 
review of methods for modeling and measuring adaptability can be found in Rockow et 
al. (2018). 
Herthogs et al. introduced the SAGA method for quantifying the “generality and 
adaptability” of buildings, where generality describes the ease of re-purposing existing 
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spaces, and adaptability describes the ease of physically altering spaces (2017, 1). The 
SAGA method involves creating “paths” between areas on a floor plan and defining the 
“permeability” of the areas, i.e., how easy it is to move between spaces or create new 
openings between spaces. After some calculations based on the total area of the floor plan 
and the existing and possible paths, the method produces generality and adaptability 
scores for the building. Currently, there are few proposed methods for quantifying 
building “openness.” This relatively new methodology is promising because it opens the 
way to standardizing a scale of “openness” for buildings.  
An adaptability scoring tool called FLEX 4.0, developed by Geraedts, was 
designed to assess the adaptive capacity of buildings based solely on physical features, or 
flexibility key performance indicators (FKPIs) (2016). Geraedts identified forty-four 
FKPIs and developed default weighting factors for the FKPIs. Alternatively, the user can 
assign their own weighting factors based on how important they find the FKPIs to be, 
relative to each other. 
Similarly, Ross et al. identified eleven design-based “enablers,” or strategies, for 
creating adaptable building designs (2016). Experts were asked to rate these enablers 
according to their relative importance in determining the adaptive potential of buildings. 
In a later paper, Ross roughly sorted the eleven enablers into four (overlapping) general 
adaptability dimensions: long life, loose fit, layer separation, and reduce uncertainty 
(2017). These dimensions were used in the Learning Buildings Framework (LBF), an 
evaluation tool for calculating an adaptability score based on the physical features of a 
building. The LBF considers the presence of the four dimensions in each of a building’s 
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layers to determine an adaptability score. In the initial paper, the weightings of the 
dimensions were assumed to be equal. 
Similar to Ross, the author of the current thesis condensed all physical features 
influencing adaptability into four broad dimensions: loose fit, long life, simplicity, and 
layer separation. The author based these dimensions on previous work, especially Ross, 
with some key differences: Ross’s reduce uncertainty had to do with design 
documentation and was not included in the current study. (Since the author directly 
provided the participants with building information, reduce uncertainty could not be 
simulated.) Also, the author judged that simplicity was distinct enough from loose fit, 
long life, and layer separation that it should be a separate dimension. The chosen 
dimensions were broad enough that the more specific DfA strategies found in literature 
fall into one or more of the dimensions. Thus, most aspects of a building’s physical 
design could be sorted into one of those dimensions. The author acknowledged that there 
can be some overlap between the four chosen dimensions; however, it was reasoned that 
the dimensions were distinct enough that most DfA strategies address one dimension, 
primarily. (For example, the common DfA strategy of providing large floor-to-floor 
heights would fall under loose fit; the strategy of over-designing the floor slab would fall 
under long life; the strategy of using as few sizes of steel beams as possible would fall 
under simplicity; and the choice to include accessible plumbing chases would fall under 
layer separation.) The author chose to focus on four general dimensions rather than more 
specific factors in order to make the survey manageable for participants. 
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AHP and previous uses in building design studies 
 
This thesis research used an AHP-based survey of building design professionals. 
The analytic hierarchy process (AHP) is a decision-making tool that was developed by 
Saaty (Saaty and Alexander 1981). AHP simplifies complex decisions between 
alternatives by decomposing them into a hierarchy of pairwise comparisons. (See 
Methodology section for a more detailed explanation of the AHP process.) AHP is 
commonly used for group decision-making because group members’ answers can be 
aggregated (Saaty 2008). 
Though AHP has not been used previously to study building adaptability 
specifically, AHP has been implemented in other aspects of building design research. 
Alwaer and Clements-Croome used AHP and expert elicitation to develop a model for 
rating the level of sustainability in sustainable intelligent buildings (2010). Wong and Li 
used AHP and expert surveys to investigate the relative importance of selection criteria 
when designing intelligent building systems (2008).  Bhatt and Macwan surveyed experts 
in India using an AHP-based questionnaire to determine which sustainability parameters 
were most important for buildings (2011). 
The three studies described above each had experts complete an AHP-based 
survey and then used the results to develop importance weightings for certain parameters. 
This is similar to the current thesis’s use of expert elicitation and AHP to develop 
importance weightings of dimensions of physical design that contribute to adaptability. 
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CHAPTER THREE 
 
OBJECTIVES 
 
The objectives of this thesis were as follows: 
 
O1. Develop relative importance weightings for the four dimensions of adaptable 
design. 
O2. Measure relative adaptability of four case study buildings based on the 
dimensions (dimension-based method). 
O3. Measure relative adaptability of four case study buildings based on 
hypothetical adaptation projects (example-based method). 
O4. Compare the dimension-based and example-based methods for quantifying 
adaptability. Do the comparisons support the results of O1, O2, and O3? 
 
Distinct methods were used for Objectives 2 and 3. This was done for two 
reasons. First, the author wanted to test whether design-based adaptability measurements 
(in this case, measuring the presence of the dimensions) reflect what happens to buildings 
in real life. In other words, an adaptability measurement tool may claim that a building 
with a high level of measured long life, for example, is more adaptable than another 
building, but is this truly reflective of adaptation decisions that are made in real life? 
Second, the two methods served as an indirect way to confirm the consistency of 
participants’ judgements about dimension weightings. The author was concerned that 
theoretical questions that are removed from realistic situations (e.g. “How important is 
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loose fit to adaptability?”) may not accurately reflect decisions that experts make about 
real building adaptations. For example, with nothing to “ground” their answers in the real 
world, an expert may (somewhat arbitrarily) judge long life to be more important than 
simplicity. Later that year, the expert may decide to adapt a building with regular, 
orthogonal floor plans instead of a less regular building that has more durable materials. 
When observing these decisions, one may conclude that the expert actually values 
simplicity over long life in practice. The author reasoned that if the adaptability scores 
obtained from the two methods correlated, there was reason to believe that the experts’ 
theoretical judgements of dimension importance were consistent with their practical 
judgements in simulated realistic adaptation scenarios. Thus, the exercise of scoring the 
adaptability of case-study buildings reflected back upon the objective (O1) of 
determining the relative importance of the four dimensions. 
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CHAPTER FOUR 
METHODOLOGY 
 
Critical information from four buildings was condensed into case study packets, 
which were reviewed by experts prior to taking the survey. The experts used that 
information to complete a 102-question survey in which they were asked to perform 
pairwise comparisons of the buildings (thus, performing six comparisons among four 
buildings). For each pairwise comparison of buildings, the experts answered twelve 
questions about hypothetical adaptation projects, and four questions about the presence of 
the four dimensions of adaptable design in each building. The experts were also asked to 
rate the relative importance of the four dimensions. Each question was answered using a 
simple point-assigning system to express the level of the expert’s preference for one 
option over the other. Then matrix analysis was used to compute resulting weighting 
vectors for the dimensions and the adaptability scores for the buildings. 
 
Case studies 
The author chose four buildings on Clemson University’s campus for the case 
studies. Each case study summarized the building’s physical features in a ten- to fifteen-
page document. Contextual issues, such as proximity to surrounding buildings and 
amenities, were purposefully omitted in the case studies in order to isolate the physical 
designs. (Participants were instructed to assume that all buildings were located in 
Clemson, South Carolina.) A summary table of the building features can be seen in 
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Figure 3.1. Complete information packets for the case studies are included in Appendix 
A.  Below is listed the rationale used for selecting buildings for the study. 
 
• All buildings were of a similar size (i.e. floor area). 
• All buildings were multistory low rise. 
• All buildings were built within the last twenty years. 
• Buildings had varying current uses, including: art/architecture studio building, student 
center, dormitory building, and office/classroom building. This was done 
purposefully to provide different original building designs for the experts to compare. 
• Buildings had varying structural systems, footprint shapes, and envelope materials. 
Again, this was done purposefully so that no two buildings were too similar in their 
physical aspects. 
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Figure 4.1: Summary of case study buildings. (Full case studies are in Appendix A.) 
 
Survey layout and questions 
 
A purpose-made spreadsheet was created for survey completion by participants 
and for analysis. The survey questions were written in accordance with questionnaire 
design guidelines by Brace (2004). On the participant side, the spreadsheet had seven 
pages; one page for scoring the importance of the dimensions, and one page for each 
pairwise comparison between the buildings. The pairwise comparison pages were all 
duplicates of each other except that each page compared different pairs of buildings (A 
  16 
vs. B, B vs. C, etc.). The survey asked twelve “hypothetical adaptation project” questions 
and four “dimension presence” questions per pairwise comparison. A full printout of the 
survey can be found in Appendix A. 
The twelve “hypothetical adaptation project” questions are listed in Table 4.1. 
These questions were identical between the six pairwise comparisons, besides small 
changes made for clarity. Each hypothetical adaptation project was formulated to target 
specific layers, or systems, of the buildings: space plan, services, structure, and skin  
(Brand 1995). According to Brand, different layers age at different rates and must be 
modified and/or replaced after different periods of time; he refers to these time periods as 
“recurrence intervals” (Figure 2.1). Brand’s recurrence intervals can be seen in Table 4.2, 
along with the survey questions that addressed each building layer. In order to reflect the 
different recurrence intervals, questions were proportioned to roughly match the 
recurrence intervals; thus, space plan, which is the most commonly adapted layer and has 
the shortest recurrence interval, was addressed by six questions, and the other layers were 
addressed by three or four questions. Because these hypothetical questions acted as a type 
of baseline for assessing the accuracy of dimension-based measures of adaptability, it 
was critical that the hypothetical questions reflect a wide variety of potential adaptations 
to each of the building systems.  It was reasoned that a baseline for adaptability would be 
based on the likelihood of different systems being adapted; hence the recurrence intervals 
were used as a weighting scheme to design the hypothetical questions. 
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Table 4.1: “Hypothetical adaptation project” questions from survey. 
 
# Question 
1 The University is expanding its on-campus housing and wishes to convert one of the two 
buildings into a dormitory with community space on the first floor and dorm rooms on the 
upper floor(s). Which building is more suitable? 
*(For comparisons involving Building D, which is already a dorm building, the following 
question was substituted: “The University wishes to convert one of the two buildings entirely 
into office space. Which building is more suitable?”) 
2 The University wants to adapt a building to include multiple large "scale-up" classrooms. The 
rooms will have 80 seats, round tables instead of rows of desks, no defined front, and projection 
screens and board space on each wall. Which building could be more readily adapted to include 
6-8 classrooms of this type? 
3 The façades of both buildings are beginning to show their age and are creating maintenance 
concerns. The University has funding to completely re-do the thermal insulation and 
waterproofing of one building. The University wishes to retain the same aesthetic of the 
existing building. Which of the two buildings is most suitable for this update? 
4 The University wishes to add four wet laboratories to its campus. Which of the two buildings 
would be more suitable for this addition? (These are laboratories in which chemicals, drugs, or 
other material or biological matter are tested and analyzed requiring water, direct ventilation, 
and specialized piped utilities.) 
5 One of these buildings is going to be converted into a new student union. The student union 
will include restaurants, a bookstore, clothing stores, and other retail spaces. Which building is 
more attractive for this new use? 
6 The foundations of both buildings are aging and beginning to show signs of distress. The 
University has funding to fix the foundation of one building. For which building could this 
repair be more readily implemented? 
7 Both buildings are experiencing settlement in one corner of the foundation and are in need of 
seismic upgrades. They both need an approximate 20 percent increase in lateral capacity. The 
University has funding to perform this for one building. For which building would it be easier 
to implement seismic upgrades? 
8 The University has partnered with a "smart building" company to run a pilot study on smart 
HVAC systems and envelopes. The system will involve installing wireless sensors (4x4 in.) in 
order to measure heat transfer and humidity levels through the walls, foundation, and roof, and 
air temperature and humidity throughout occupied spaces. For which building would this 
update be more feasible? 
9 As campus becomes increasingly landlocked, one of the University's solutions is to add levels 
to buildings to create more floor area. Which building is more suitable for the addition of 
another level? 
10 The University has the funding to convert one building into a student fitness center. It will 
include weight rooms, cardio equipment, exercise class studios, locker rooms, and 
administrative space. Which building is more suitable for this conversion? 
11 Both buildings are scheduled for demolition. The University wishes to reuse and recycle as 
much material as possible. For which building can building materials be most readily reused 
and/or recycled? 
12 The interior space of both buildings needs a complete overhaul, but the University wants to 
maintain the exterior look of the buildings. (This is sometimes called a "facadectomy.")  Which 
building is best suited for this? 
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Table 4.2: Building layers targeted by “example adaptation project” questions. 
 
Layer Change interval (based on Brand 1995) Questions 
Space plan 3 - 30 years 1, 2, 4, 5, 9, 10 
Services 7 - 15 years 4, 8, 10 
Skin 20 years 3, 8, 12 
Structure 30 - 300 years 6, 7, 9, 10 
 
The “dimension presence” questions were straightforward, simply asking which 
building displayed more of a dimension (e.g. “Which building displays more layer 
separation?”). Experts were provided with definitions of each dimension on which to 
base their judgements. All questions, regardless of type, used the same answer format. 
Participants were prompted to distribute eleven points between the two given options; 
higher point values indicated that an option was preferred for the question at hand. An 
example of a question in the spreadsheet can be seen in Figure 4.2. 
 
 
 
 
Figure 4.2: Screenshot of a question from the survey tool. 
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Recruiting experts 
US-based building professionals were recruited through the author’s and thesis 
committee’s personal networks and professional organizations. The target was to have 
participants across various disciplines in the design and construction industry, in order to 
achieve a diverse sample of the industry. The following professionals (also referred to as 
“experts” in this thesis) participated: four architects, three structural engineers, one 
façade engineer, four MEP engineers, one geotechnical engineer, and three construction 
project managers, for a total of sixteen participants.  Participants completed the tasks 
using purpose-made spreadsheets.  The participants reported that the entire process of 
reviewing the case study buildings and completing the questions took approximately one 
and one-half hours. 
 
Logical flow of objectives 
Below are descriptions of each of the four objectives and how each was 
accomplished in the study. Note that the following sections were organized in the way 
that the author judged to be the most intuitive for the purposes of explanation, not based 
on objective number or the order in which experts completed sections of the survey. 
 
Objective 3: Example-based building adaptability scores 
The goal of Objective 3 was to obtain relative adaptability scores for the four 
buildings by having the experts rate the buildings’ relative adaptability in twelve 
hypothetical adaptation projects, and then aggregating those scores to obtain generalized 
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scores for each expert. For each project, rather than asking the experts to compare all four 
buildings at once, the author simplified the task by having the experts compare them two 
at a time. (This method of pairwise comparisons, a core concept in AHP, was used 
throughout the experiment.) For example, the author wanted to know the relative 
suitability of the buildings for “conversion into office space.” The comparison of the four 
buildings was decomposed into six pairwise comparisons (A vs. B; A vs. C; A vs. D; B 
vs. C; B vs. D; C vs. D). Experts compared two buildings by dividing eleven points 
between them, according to how suitable each was for the adaptation project at hand. 
(This eleven-point method was used for all pairwise comparisons in the survey.) Take for 
example an expert comparing Buildings A and C based on “conversion into office space.” 
In the example, Building A received 4 points and C received 7 points, indicating that the 
expert believed that C is moderately more suitable than A. The expert repeated this for 
the other five building combinations, and during analysis, their numerical responses 
populated a “relative adaptability matrix” (Figure 4.3, left). (Note the 4/7 value at the 
intersection of “Bldg A” and “Bldg C,” corresponding to the expert’s scoring. Also note 
that the diagonal of the matrix is made up of 1’s because these values are the ratings of 
buildings compared to themselves. Values on either side of the diagonal are mirrored 
because they represent the same comparison done in the opposite order, e.g. “A vs. C” 
and “C vs. A.”) Via matrix math, a vector giving relative adaptability scores for each 
building was calculated (Figure 4.3, right). This was the “specific adaptability scoring 
vector,” expressing the relative adaptability of the buildings for one specific adaptation 
project (in this case, office conversion). 
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Figure 4.3: Calculation of specific adaptability scoring vector. (Numbers in the figure are 
for example only.  Participant data and calculated scores are documented in 
Appendices B and C, respectively.) 
 
One specific adaptability scoring vector was calculated for each of the twelve 
hypothetical projects. The twelve specific adaptability scoring vectors were then 
aggregated to produce a final adaptability scoring vector that expressed the buildings’ 
overall relative adaptability, according to that expert. In order to make the final 
adaptability scores generalizable across all facets of adaptability, the twelve example 
projects were written to address all of a building’s layers, as described by Brand (1995). 
(This was described earlier in the thesis.) The experts’ final adaptability scoring vectors 
can be found in Appendix C.  
Because the twelve example projects addressed various aspects of building 
design, a given expert may not have had the experience and/or expertise to answer each 
question with confidence. To account for this, each example project question was 
followed by a request for the expert to rate their confidence in their ability to answer that 
question (Figure 4.4). When aggregating the twelve specific adaptability scoring vectors, 
each vector was weighted according to the expert’s confidence about the corresponding 
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question (“Confident” = 3, “Neutral” = 2, “Not confident” = 1). Thus, if an expert was 
unsure about their answers to one question, that question would have less weight in 
determining that expert’s final adaptability scoring vector. There is a precedent in expert 
elicitation studies of having experts self-rate their expertise in the subject at hand, and 
weighting their responses based on their expertise (Mauter and Palmer 2014; Bosetti et al. 
2012; Gale et al. 2010). 
 
 
 
Figure 4.4: Screenshot of an expert self-confidence rating question. 
 
Objective 1: Dimension weightings 
The goal of Objective 1 was to obtain relative importance weightings for the four 
dimensions of adaptable design. Again, rather than having experts rate all four 
  23 
dimensions at once, the task was decomposed into pairwise comparisons between the 
dimensions. The eleven-point distribution method was also used. For example, experts 
answered the question, “Which is most important to adaptability, simplicity or long life?” 
Then, using the same matrix math as presented above in Objective 3, a weighting vector 
was calculated for the four dimensions. 
 
Objective 2: Dimension-based building adaptability scores 
The goal of Objective 2 was the same as that of Objective 3: to obtain an 
adaptability scoring vector for the four buildings. Objective 2 used AHP to accomplish 
this. For context, if, for example, an AHP were performed to choose the best alternative 
out of four automobiles, the criteria might be gas mileage, reliability, appearance, etc. In 
this case, the experts were choosing the best (i.e. most adaptable) alternative out of four 
buildings, and the criteria were loose fit, long life, simplicity, and layer separation. Below 
are the three basic steps of an AHP process, with notes about how this process was used 
in this thesis research. 
 
• Step 1: Obtain weighting vectors for criteria (in this case, dimensions) via pairwise 
comparisons. Note that this was already completed in Objective 1. 
• Step 2: Using pairwise comparisons between alternatives, determine the relative 
presence of each criterion in each alternative. (In this case, determine the relative 
presence of each dimension in each building. For example, Buildings A and B were 
compared to each other for the relative presence of loose fit.) 
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• Step 3: Using matrix math, calculate the weighting vector for the alternatives 
(buildings). The alternative with the highest weighting is considered the best option 
(in this case, the most adaptable building). 
 
 Step 1 was already completed in Objective 1, giving the dimension weighting 
vector (Figure 4.5, center). For Step 2, buildings were compared two at a time using the 
eleven-point system, and this time, they were compared on the basis of the presence of 
each dimension. (For example, “To what extent is loose fit present in each building?”) 
This process was completed four times, once for each dimension. This resulted in four 
dimension presence vectors, which were assembled into the dimension presence matrix 
(Figure 4.5, left). In Step 3, multiplying the matrix and vector produced an adaptability 
scoring vector for the buildings (Figure 4.5, right). 
 
 
 
Figure 4.5: Calculation of adaptability scoring vector via AHP process. (Numbers in the 
figure are for example only.  Participant data and calculated scores are 
documented in Appendices B and C, respectively.) 
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Post-processing 
Weighting vector calculations 
 All the weighting vectors involved in the calculations were calculated from 4x4 
comparison matrices (such as in Figure 4.3). The author used the eigenvector method for 
calculating the weighting vectors, as recommended by Saaty, who introduced AHP 
(Saaty and Hu 1998), and as used in other studies referenced in this thesis (Bhatt and 
Macwan 2011; Alwaer and Clements-Croome 2010; Wong and Li 2008). 
 
Group aggregation 
The analysis described earlier in the thesis was completed for each expert 
individually. Then, following established methods (Ossadnik et al. 2016; Forman and 
Peniwati 1998), the experts’ results were aggregated to obtain averaged weighting results 
(see Results section). 
 
Consistency measurement 
Each time that a set of six pairwise comparisons was used to calculate a weighting 
or scoring vector, a consistency ratio (CR) was calculated as part of the AHP process 
(Saaty and Alexander 1981). The CR expressed the mathematical consistency of each 
expert’s answers, or in other words, how well the expert’s pairwise comparisons all 
“matched up” with each other. For example, if an expert stated that A was better than B, 
and that B was better than C, but that C was better than A, the expert would receive a 
poor consistency score. A CR of 0.0 would be completely consistent; a CR of 1.0 would 
  26 
mean that an answer matrix was completely random. In reality, it is impossible to obtain 
a CR of 0.0 in an AHP survey because some mathematical inconsistency is inherent in 
the discrete answer scale (Franek and Kresta 2014). Saaty’s rule-of-thumb upper 
threshold for consistent matrices is CR = 0.10; this is based on his personal judgement, so 
it is not a binding rule (Saaty and Alexander 1981). The current study set the upper limit 
for acceptable inconsistency at CR = 0.15. This was done to provide a balance between 
consistency and efficiency.  Because the survey was long and detailed, and it would have 
been cumbersome to the participants to enforce an upper limit of CR = 0.10. If this study 
were repeated, a possible improvement would be to enforce an upper limit of CR = 0.10 
in order to produce more reliable results, though this would also require more effort from 
the participants. 
Participants were contacted when the CR for any given question was greater than 
the 0.15 threshold.  This occurrence was rare; inconsistent results occurred in only 9.6% 
of the questions. When inconsistent results were identified, the corresponding expert was 
provided with a spreadsheet that displayed CR, and they were asked to repeat entry for 
inconsistent questions until the CR for that question was below 0.15. This method was 
similar to an electronic module created by Ishizaka and Lusti that alerted users to 
inconsistency (2004), though that module was designed to provide hints and suggestions 
to the user; the author of the current thesis only provided the CR to the experts, in order 
to avoid introducing bias and changing the experts’ responses to reflect an opinion that 
was not their own. The practice of allowing users to re-enter answers to achieve higher 
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consistency is considered acceptable in AHP studies (Amiri 2010; Gass and Rapcsák 
2004; Ishizaka and Lusti 2004; Cheng and Li 2001). 
After corrections, the average inconsistency for all questions and experts was CR 
= 0.046. Overall 89.0% of the judgements had a CR < 0.10, which is Saaty’s rule-of-
thumb upper limit. Furthermore, 95.2% of the judgements had a CR < 0.12, so the 
slightly more lenient upper limit set by the author (CR = 0.15) did not make a large 
difference in the final consistency levels. Inconsistency for each expert’s questions is 
documented in Appendix D. 
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CHAPTER FIVE 
RESULTS AND DISCUSSION 
 
Relative adaptability of case study buildings 
As discussed in the Methodology section, two methods were used to determine 
relative adaptability scores for the four buildings: dimension-based and example-based. 
Results for both methods are shown in the box plot in Figure 5.1. Some qualitative 
observations could be made based on the plot: for both methods, Building A appeared to 
have the highest mean score, followed by Building C. Building D appeared to have the 
lowest mean weighting for both methods. The two methods appeared to have given 
similar results for each building, with the possible exception of Building B. There was 
significant spread for all buildings. This spread was not unexpected, due to the nature of 
the survey and the broad range of experts. 
 
 
 
Figure 5.1: Box plot of building adaptability scores from both methods. (Experts’ 
individual scores are documented in Appendix C.) 
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To provide another means of comparison, all the building scores were plotted on a 
chart shown in Figure 5.2, with example-based scores on one axis and the corresponding 
dimension-based scores on the other. (For example, a point could represent Architect #1’s 
scores for Building C, both from the example- and dimension-based methods.) There 
appeared to be a positive upward trend among the data points suggesting that higher 
dimension-based scores correlated with higher example-based scores. Quantitatively, the 
correlation coefficient for the data set was 0.828, confirming a strong positive linear 
relationship (Achen 1982). This was a good indication that the experts tended to produce 
similar scores for a given building when using the two different methods. 
 
 
 
Figure 5.2: Plot of corresponding building weightings from each method. (Experts’ 
calculated adaptability scores can be found in Appendix C.) 
 
In order to test whether the two methods gave statistically similar results for each 
building when comparing scores among the experts, the author performed a paired 
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sample t-test for each building. They used a 95% confidence level as a threshold. For 
each of the four t-tests (one for each building), the null hypothesis was that the mean 
scores from each method were equal for that building. As shown in Table 5.1, the null 
hypothosis was not rejected for Buildings A, C, and D; however, it was rejected for 
Building B, indicating that the example-based and dimension-based methods gave 
statistically significantly different results for Building B. This meant that the two 
methods produced essentially the same mean adaptability scores (aggregated among 
experts) for each building except Building B; the example-based method gave a 
significantly higher mean score for Building B than the dimension-based method did. The 
t-test revealed with 98.8% confidence that the difference between the example- and 
dimension-based methods for Building B was not due to chance. The author concluded 
that the two methods generally give the same mean adaptability scores for a given 
building, though the significant difference found for Building B indicated that more 
testing would need to be done to confirm this conclusion. 
 
Table 5.1: T-test results for each building (95% confidence level). 
 
  Mean Variance 
Deg. of 
Freedom t Stat 
P(T<=t) 
two-tail 
t Crit. 
two-tail Result 
Building A 
Example-based 0.291 0.00262 16 
-0.963 0.351 2.13 DNR 
Dimension-based 0.304 0.00518 16 
Building B 
Example-based 0.237 0.00085 16 
2.865 0.012 2.13 Reject 
Dimension-based 0.217 0.00136 16 
Building C Example-based 0.266 0.00302 16 -0.648 0.527 2.13 DNR 
Dimension-based 0.271 0.00351 16 
Building D Example-based 0.207 0.00164 16 -0.218 0.831 2.13 DNR 
Dimension-based 0.208 0.00274 16 
*DNR = do not reject 
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Next, the author tested whether the relative mean adaptability scores for the four 
buildings were statistically different from each other. This was done by performing an 
Analysis of Variance (ANOVA) with a 95% confidence level for the experts’ scores from 
each of the two methods. The null hypothesis for each method was that all four buildings 
had equal mean scores. The results are shown in Table 5.2. For both methods, the null 
hypothesis was rejected, indicating that there was significant difference between the 
mean scores of at least one pair of buildings. 
 
Table 5.2: One-way ANOVA results for building scores for both methods (95% 
confidence level). 
 
Strategy 
Sum of 
variances 
squares 
Degrees 
of 
freedom 
Mean of 
variance 
squares 
F-
statistic p-value 
F-critical 
Result Result 
Example-
based 0.0637 3 0.0212 10.45 0.00001 2.76 Reject 
Dimension-
based 0.0986 3 0.0329 10.29 0.00001 2.76 Reject 
 
The Tukey-Kramer method was used to determine where statistically significant 
differences existed between pairs of mean scores. For the example-based method, 
statistically significant difference was found in the comparisons A to B, A to D, and C to 
D (Table 5.3). For the dimension-based method, statistically significant difference was 
found in the comparisons A to B, A to D, B to C, and C to D (Table 5.4). This indicated 
that there was significant overlap between the results of the two methods, because both 
differed in comparisons A to B, A to D, and C to D; but also that there was some 
difference, as only the dimension-based method showed significant difference in B to C. 
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However, it is worth noting that for the dimension-based method, the B to C absolute 
difference (0.054) was very close to the critical value (0.053). 
 
Table 5.3: Tukey-Kramer results for example-based method. 
 
Comparison Abs Diff Crit Range Results 
A to B 0.054 0.042 SD 
A to C 0.025 0.042 NSD 
A to D 0.084 0.042 SD 
B to C 0.029 0.042 NSD 
B to D 0.030 0.042 NSD 
C to D 0.059 0.042 SD 
*SD = significantly different at the 95% confidence level 
*NSD = not significantly different at the 95% confidence level 
 
Table 5.4: Tukey-Kramer results for dimension-based method. 
 
Comparison Abs Diff Crit Range Results 
A to B 0.087 0.053 SD 
A to C 0.032 0.053 NSD 
A to D 0.095 0.053 SD 
B to C 0.054 0.053 SD 
B to D 0.009 0.053 NSD 
C to D 0.063 0.053 SD 
*SD = significantly different at the 95% confidence level 
*NSD = not significantly different at the 95% confidence level 
 
The Tukey-Kramer analysis also provided evidence for the earlier qualitative 
observation that Building A appeared to be the most favored overall. Building A received 
a significantly higher mean score than Building B or D, according to the above results; 
however, no significant difference between the mean scores of Buildings A and C could 
be demonstrated. Similarly, the results generally suggested that Building D was the least 
favored, since there was significant difference between the means of Building D and of A 
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and C. However, no significant difference could be confirmed between Building D and 
Building B. In summary, the author reached the following conclusion: based on the 
available statistical evidence, the most likely ranking of the buildings, from most to least 
adaptable, is: A, C, B, D. 
In Table 5.5 below, the buildings’ mean adaptability scores from each method are 
listed, along with scores that roughly reflect the average of the dimension-based scores 
and example-based scores. The average scores at the bottom of the table represent the 
most likely scores for each building; however, the statistical analysis did not confirm 
significant difference between all the relative scores. 
 
Table 5.5: Normalized average adaptability scores of buildings from both methods. 
 
Avg. Score Bldg A Bldg B Bldg C Bldg D 
Example-based 0.291 0.237 0.266 0.207 
Dimension-based 0.301 0.217 0.271 0.208 
Recommended 0.30 0.23 0.27 0.20 
 
 
Relative importance of dimensions 
Objective 1 of this thesis research was to calculate and confirm relative 
importance weightings for the four dimensions of adaptable design: loose fit, long life, 
simplicity, and layer separation. The previous section demonstrated that the experts’ 
dimension weightings could reasonably be linked to their judgements in hypothetical 
adaptation projects, which were intended to simulate real-life decisions. 
The experts’ judgements of dimension importance were plotted in a box plot 
(Figure 5.3). By observation, long life seemed to have the highest mean weighting, 
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followed by loose fit and layer separation, which appeared to have very similar mean 
weightings. Simplicity seemed to have the lowest mean weighting. A considerable 
amount of scatter was observed in the data. The experts’ individual dimension weighting 
vectors can be found in Appendix C. 
 
 
 
Figure 5.3: Box plot of dimension weightings. 
 
The author performed another ANOVA analysis to evaluate the statistical 
significance of the dimension weighting results. Once again, a 95% confidence interval 
was used. The author tested the following null hypothesis: that all four dimensions are 
equally important in determining adaptability of buildings. The results of the one-way 
ANOVA test indicated that there was significant statistical difference between at least 
one pair of dimension weightings (Table 5.6). 
 
Table 5.6: One-way ANOVA results for dimension weightings (95% confidence level). 
 
Sum of 
variances 
squares 
Degrees 
of 
freedom 
Mean of 
variance 
squares 
F-
statistic p-value 
F-critical 
Result Result 
0.1049 3 0.0350 4.70 0.0052 2.76 Reject 
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Similar to what was done in the previous section, the Tukey-Kramer method was 
then used to determine which pairs of dimensions had statistically significant difference 
in their mean weightings. The analysis revealed that only simplicity and long life had 
weightings that were significantly different, with long life having a significantly higher 
score than simplicity. The analysis indicated that besides that pair, the average dimension 
weightings were not significantly different (Table 5.7). 
 
Table 5.7: Tukey-Kranmer results for dimension weightings. 
 
Comparison Abs Diff Crit Range Results 
LF to LL 0.041 0.093 NSD 
LF to S 0.071 0.093 NSD 
LF to LS 0.004 0.093 NSD 
LL to S 0.112 0.093 SD 
LL to LS 0.037 0.093 NSD 
S to LS 0.075 0.093 NSD 
*SD = significantly different at the 95% confidence level 
*NSD = not significantly different at the 95% confidence level 
 
An activity similar to the dimension weighting done in this survey was performed 
at the Open Building for Resilient Cities conference in December 2018. Thirty-four 
conference attendees participated, though only twenty-one gave results consistent enough 
to be included in the final aggregation. The mean weightings obtained from the consistent 
responses are shown in Table 5.8. (Full results of the activity are included in Appendix 
E.) An ANOVA analysis with a 95% confidence level demonstrated that any difference 
between the mean weightings was not statistically significant (Table 5.9). 
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Table 5.8: Results of dimension weighting activity from OBRC conference. (Full results 
of the activity are included in Appendix E.) 
 
Loose fit Long life Simplicity Layer separation 
0.269 0.249 0.214 0.269 
 
Table 5.9: One-way ANOVA results for OBRC conference dimension weightings (95% 
confidence level). (Full results of the activity are included in Appendix E.) 
 
Sum of 
variances 
squares 
Degrees 
of 
freedom 
Mean of 
variance 
squares 
F-
statistic p-value 
F-critical 
Result Result 
0.0428 3 0.0143 0.64 0.5892 2.72 DNR 
*DNR = do not reject 
 
Because there was little statistical evidence that the dimension weightings were 
significantly different, the author concluded that it was reasonable and practical to 
assume that the dimensions had equal weightings, at 0.25 each (Table 5.10). When the 
Objective 2 (dimension-based adaptability) analysis was repeated using dimension 
weightings of 0.25 each (instead of the experts’ own dimension weightings), the resulting 
R value when comparing the two methods was 0.783, compared to 0.828 when using the 
experts’ own dimension weightings. The correlation decreased by about 5.4%, which was 
considered insignificant by the author, since the new R value (0.783) was still high 
enough to indicate strong correlation (Achen 1982). Thus, it was reasonable to assume 
that all four dimensions have the same importance. 
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Table 5.10: Normalized average dimension weightings (from experiment and 
recommended). 
 
Dimension Loose fit Long life Simplicity Layer separation 
Avg. Weighting 0.247 0.296 0.193 0.264 
Recommended 0.25 0.25 0.25 0.25 
 
Some observations can also be made about the experts’ judgements about 
dimension presence in buildings, which are shown in Figure 5.4 below. (These 
judgements were used to calculate dimension-based adaptability scores.) There was often 
significant spread in the experts’ judgements, showing a lack of consensus about the level 
to which each building displayed each dimension. It appears that experts reached the 
most consensus when judging long life, and sometimes disagreed significantly on levels 
of loose fit, simplicity, and layer separation. This reinforces the conclusion that this study 
did not identify any clear trends in experts’ judgements about the four dimensions. 
 
 
 
Figure 5.4: Box plot of dimension presence scores for each building. (Each expert’s 
dimension presence scores are documented in Appendix F.) 
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CHAPTER SIX 
CONCLUSION 
 
In this thesis research, building professionals were asked to review case studies of 
buildings and complete a survey, scoring the buildings’ relative suitability for 
hypothetical adaptation projects and the presence of four dimensions of building design 
(loose fit, long life, simplicity, and layer separation). They also weighted the relative 
importance of the four dimensions to building adaptability. The survey and analysis were 
based on pairwise comparisons and AHP (analytic hierarchy process). The results of the 
thesis research were relative importance ratings for the dimensions and adaptability 
scores for the buildings. 
Conclusions of the thesis are listed below.  They are organized around the study 
objectives.  
 
O1. Develop relative importance weightings for the four dimensions of adaptable 
design. 
 
The author concluded that there was no statistically significant 
reason to believe that the four dimensions had different importance 
ratings. Therefore, the following weightings were recommended: loose fit 
= 0.25, long life = 0.25, simplicity = 0.25, and layer separation = 0.25 (see 
Table 5.9). 
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O2. Measure relative adaptability of four case study buildings based on the 
dimensions. 
 
The following mean weightings were calculated based on 
dimension presence in the buildings: Building A = 0.301, Building B = 
0.217, Building C = 0.271, and Building D = 0.208 (Table 5.5). 
 
O3. Measure relative adaptability of four case study buildings based on example 
adaptation projects. 
 
The following mean weightings were calculated based on example 
adaptation projects: Building A = 0.291, Building B = 0.237, Building C = 
0.266, and Building D = 0.207 (Table 5.5). 
Based on statistical analysis, the most likely ranking of the 
buildings, from most to least adaptable, is A, C, B, D. The following 
values are likely relative adaptability scores, based on results from both 
methods: A = 0.30, Building B = 0.23, Building C = 0.27, and Building D 
= 0.20 (Table 5.5). 
 
O4. Compare the dimension-based and example-based methods for quantifying 
adaptability. Do the comparisons support the results of O1, O2, and O3? 
  
The correlation coefficient for the scores from both methods was R 
= 0.828, indicating a strong linear relationship. This strong correlation 
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suggested that the experts’ judgements of dimension importance 
corresponded with their judgements in hypothetical situations that were 
designed to simulate real-life decisions, thus supporting the results of O1. 
In addition, the correlation suggested that design-based methods of 
measuring adaptability are consistent with experts’ adaptation decision-
making, thus supporting the accuracy of such measures. 
 
Several of the few existing adaptability rating tools assume that adaptability 
dimensions (or indicators, factors, etc.) are equally important in promoting adaptability 
(Ross 2017; Conejos et al. 2013; Langston et al. 2013). The author wanted to test this 
idea by measuring the relative importance of four broad dimensions of adaptable design. 
At the end of the study, the author failed to demonstrate that any of the dimensions were 
significantly more influential on adaptability than any of the others. This lends support to 
the assumptions made by other rating tools. 
By demonstrating that the dimension-based and example-based methods of 
measuring adaptability correlated, the study provided evidence that design-based methods 
of measuring adaptability (Ross 2017; Geraedts 2016; Conejos et al. 2013) can be 
effective. This study also introduced a novel methodology for measuring buildings’ 
relative adaptability through AHP and example-based questions. The author recognized 
that the utility of this scoring system outside this thesis research is limited due to the fact 
it only measures relative adaptability between buildings; however, it was reasoned that an 
absolute scoring system could be developed using similar methods and principles. 
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Possible future work to expand this thesis research includes collecting more 
responses domestically in order to have more generalizable results, and implementing the 
experiment internationally using different building case studies. It would be interesting to 
observe whether experts in other countries agree with the equal dimension weightings 
presented in this thesis. It may also be beneficial to compare how experts in different 
professions (architects, engineers, etc.) weight the dimensions; the current study had too 
small of a sample size to do this meaningfully. The author also suggests further study of 
the relative importance of different dimensions or design characteristics to adaptability. 
Though the current thesis could demonstrate no difference in the significance of the 
broad dimensions loose fit, long life, simplicity, and layer separation, it is possible that by 
studying more specific design characteristics, such as floor-to-floor height and building 
aspect ratio, future researchers may find that some characteristics are more influential on 
future adaptability than others. The author suggests that implementing adaptable design 
principles in real-world projects may be more attractive to owners and designers if certain 
strategies could be empirically demonstrated to be most effective in creating adaptability. 
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APPENDICES 
Appendix A 
Survey materials 
Appendix A contains: 
• Survey printout (21 pages)
• Building A Case Study (21 pages)
• Building B Case Study (14 pages)
• Building C Case Study (18 pages)
• Building D Case Study (11 pages)
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Long life Loose fit
1.
Simplicity Long life
2.
Loose fit Layer separation
3.
Layer separation Long life
4.
Simplicity Loose fit
5.
Layer separation Simplicity
6.
Loose fit
Loose fit  refers to openness in the floor plan and building section, and the ability of space to perform mulitple 
functions with minimal adaptation.
Simplicity
In individual systems and buildings as wholes,  simplicity  indicates the use of regular, repetitive, easily understood 
parts or spaces with minimized unique conditions.
Layer separation
Layer separation  is the physical and functional separation of building layers (i.e. space plan, envelope, structure, 
services) such that one can be modified or removed with minimized effect on other layers.
First, consider each dimension of building design  listed below. These broad dimensions encompass all physical aspects of a building's 
design that might influence the capacity of a building to be adapted. Please rate each dimension's relative importance in determining the 
adaptability of buildings. Adaptability is the ease with which a building can be physically modified, deconstructed, refurbished, 
reconfigured, or repurposed (Ross et. al. 2016).
Below, you will make comparisons between the dimensions, two at a time. Do this by distributing 11 points between the two options 
according to their relative importance to adaptability. For example, if "A" is significantly more important than "B", "A" might receive 9 
points and "B" 2 points. If "A" is only slightly more attractive, it might receive 6 points and "B" 5 points.
Long life
The  usable lifetime  of a building can be extended through overdesigning the structure, using durable and high 
quality materials, and making other choices that slow the physical aging of a building.
Must sum to 11.
Must sum to 11.
Must sum to 11.
Must sum to 11.
Must sum to 11.
Must sum to 11.
47
Building A Building B
Neutral
Building A Building B
1. The University is expanding its on‐campus housing and wishes to convert one of the two buildings into a
dormitory with community space on the first floor and dorm rooms on the upper floor(s). Which building is more
suitable?
Consider each hypothetical adaptation project described below. Rate the relative attractiveness of the two buildings for each proposed 
adaptation project, based on the information given in the case study packet. (Try your best to think only about the physical features of 
the buildings, not contextual features such as location, zoning, economics, community input, etc.) Do this by distributing 11 points 
between the two buildings. For example, if one building is significantly more attractive than the other, it might receive 9 points and the 
other 2 points. If one building is only slightly more attractive, it might receive 6 points and the other 5 points.
Note that the scores are relative between the two buildings, not absolute. Thus, a building which you judge to be a poor overall 
candidate may still receive a high score because it is a better candidate relative to another. Absolute scores will later be calculated based 
on your responses.
We realize that your expertise may be in a specific area of building design and construction, so some questions may fall outside your 
expertise. To account for this, each question is followed by a request for you to rate your confidence in your ability to answer the 
question accurately. For example, if you are not confident in your ability to accurately judge an HVAC‐related question, you can report 
that you aren't confident, and your answer will be weighted less. Or, if you are an expert in building envelopes, please report your 
confidence in corresponding questions, and your answer will be more heavily weighted. This will help us obtain more accurate results.
Must sum to 11.
You may only assign whole numbers of points. Please ensure that the points add up to 11.
Based on your personal experience and area of expertise, how confident are you in your ability to answer the 
previous question? (Choose from the drop down menu below.)
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Building A Building B
Building A Building B
Building A Building B
2. The University wants to adapt a building to include multiple large "scale‐up" classrooms. The rooms will have 80
seats, round tables instead of rows of desks, no defined front, and projection screens and board space on each
wall. Which building could be more readily adapted to include 6‐8 classrooms of this type?
Must sum to 11.
Must sum to 11.
3. The façades of both buildings are beginning to show their age and are creating maintenance concerns. The
University has funding to completely re‐do the thermal insulation and waterproofing of one building. The
University wishes to retain the same aesthetic of the existing building. Which of the two buildings is most suitable
for this update?
Must sum to 11.
4. The University wishes to add four wet laboratories to its campus. Which of the two buildings would be more
suitable for this addition? (These are laboratories in which chemicals, drugs, or other material or biological matter
are tested and analyzed requiring water, direct ventilation, and specialized piped utilities.)
Based on your personal experience and area of expertise, how confident are you in your ability to answer the 
previous question? (Choose from the drop down menu below.)
Neutral
Based on your personal experience and area of expertise, how confident are you in your ability to answer the 
previous question? (Choose from the drop down menu below.)
Neutral
Based on your personal experience and area of expertise, how confident are you in your ability to answer the 
previous question? (Choose from the drop down menu below.)
Based on your personal experience and area of expertise, how confident are you in your ability to answer the 
previous question? (Choose from the drop down menu below.)
Neutral
Must sum to 11.
5. One of these buildings is going to be converted into a new student union. The student union will include
restaurants, a bookstore, clothing stores, and other retail spaces. Which building is more attractive for this new
use?
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Building A Building B
Building A Building B
Building A Building B
8. The University has partnered with a "smart building" company to run a pilot study on smart HVAC systems and
envelopes. The system will involve installing wireless sensors (4x4 in.) in order to measure heat transfer and
humidity levels through the walls, foundation, and roof, and air temperature and humidity throughout occupied
spaces. For which building would this update be more feasible?
Must sum to 11.
9. As campus becomes increasingly landlocked, one of the University's solutions is to add levels to buildings to
create more floor area. Which building is more suitable for the addition of another level?
Must sum to 11.
Must sum to 11.
6. The foundations of both buildings are aging and beginning to show signs of distress. The University has funding
to fix the foundation of one building. For which building could this repair be more readily implemented?
Must sum to 11.
7. Both buildings are experiencing settlement in one corner of the foundation, and are in need of seismic upgrades.
They both need an approximate 20 percent increase in lateral capacity. The University has funding to perform this
for one building. For which building would it be easier to implement seismic upgrades?
Based on your personal experience and area of expertise, how confident are you in your ability to answer the 
previous question? (Choose from the drop down menu below.)
Neutral
Neutral
Based on your personal experience and area of expertise, how confident are you in your ability to answer the 
previous question? (Choose from the drop down menu below.)
Neutral
Based on your personal experience and area of expertise, how confident are you in your ability to answer the 
previous question? (Choose from the drop down menu below.)
Neutral
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11. Both buildings are scheduled for demolition. The University wishes to reuse and recycle as much material as
possible. For which building can building materials be most readily reused and/or recycled?
Must sum to 11.
10. The University has the funding to convert one building into a student fitness center. It will include weight
rooms, cardio equipment, exercise class studios, locker rooms, and administrative space. Which building is more
suitable for this conversion?
Must sum to 11.
12. The interior space of both buildings need a complete overhaul, but the University wants to maintain the
exterior look of the buildings. (This is sometimes called a "facadectomy.")  Which building is best suited for this?
Must sum to 11.
Based on your personal experience and area of expertise, how confident are you in your ability to answer the 
previous question? (Choose from the drop down menu below.)
Neutral
Based on your personal experience and area of expertise, how confident are you in your ability to answer the 
previous question? (Choose from the drop down menu below.)
Now consider each general dimension listed below. Similarly to the previous section, rate the relative presence of the given dimensions 
for each building.
You may only assign whole numbers of points. Please ensure that the points add up to 11.
Neutral
Based on your personal experience and area of expertise, how confident are you in your ability to answer the 
previous question? (Choose from the drop down menu below.)
Neutral
Based on your personal experience and area of expertise, how confident are you in your ability to answer the 
previous question? (Choose from the drop down menu below.)
Neutral
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Building A Building B
15. Relative to one another, to what extent does each building exhibit simplicity?
In individual systems and buildings as wholes,  simplicity  indicates the use of regular, repetitive, easily understood
parts or spaces with minimized unique conditions.
Must sum to 11.
16. Relative to one another, to what extent does each building exhibit layer separation?
Layer separation  is the physical and functional separation of building layers (i.e. space plan, envelope, structure,
services) such that one can be modified or removed with minimized effect on other layers.
Must sum to 11.
Must sum to 11.
14. Relative to one another, to what extent does each building exhibit loose fit?
Loose fit  refers to openness in the floor plan and building section, and the ability of space to perform mulitple
functions with minimal adaptation.
Must sum to 11.
13. Relative to one another, to what extent does each building exhibit long life?
The  usable lifetime  of a building can be extended through overdesigning the structure, using durable and high
quality materials, and making other choices that slow the physical aging of a building.
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Building A Building C
2. The University wants to adapt a building to include multiple large "scale‐up" classrooms. The rooms will have 80
seats, round tables instead of rows of desks, no defined front, and projection screens and board space on each
wall. Which building could be more readily adapted to include 6‐8 classrooms of this type?
Must sum to 11.
3. The façades of both buildings are beginning to show their age and are creating maintenance concerns. The
University has funding to completely re‐do the thermal insulation and waterproofing of one building. The
University wishes to retain the same aesthetic of the existing building. Which of the two buildings is most suitable
for this update?
Must sum to 11.
4. The University wishes to add four wet laboratories to its campus. Which of the two buildings would be more
suitable for this addition? (These are laboratories in which chemicals, drugs, or other material or biological matter
are tested and analyzed requiring water, direct ventilation, and specialized piped utilities.)
Must sum to 11.
Building A Building C
Consider each hypothetical adaptation project described below. Rate the relative attractiveness of the two buildings for each proposed 
adaptation project, based on the information given in the case study packet. Do this by distributing 11 points between the two buildings. 
For example, if one building is significantly more attractive than the other, it might receive 9 points and the other 2 points. If one building 
is only slightly more attractive, it might receive 6 points and the other 5 points.
Note that the scores are relative between the two buildings, not absolute. Thus, a building which you judge to be a poor overall 
candidate may still receive a high score because it is a better candidate relative to another. Absolute scores will later be calculated based 
on your responses.
You may only assign whole numbers of points. Please ensure that the points add up to 11.
1. The University is expanding its on‐campus housing and wishes to convert one of the two buildings into a
dormitory with community space on the first floor and dorm rooms on the upper floor(s). Which building is more
suitable?
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Building A Building C
Building A Building C
Building A Building C
Building A Building C
8. The University has partnered with a "smart building" company to run a pilot study on smart HVAC systems and
envelopes. The system will involve installing wireless sensors (4x4 in.) in to measure heat transfer and humidity
levels through the walls, foundation, and roof, and air temperature and humidity throughout occupied spaces.
Must sum to 11.
9. As campus becomes increasingly landlocked, one of the University's solutions is to add levels to buildings to
create more floor area. Which building is more suitable for the addition of another level?
Must sum to 11.
10. The University has the funding to convert one building into a student fitness center. It will include weight
rooms, cardio equipment, exercise class studios, locker rooms, and administrative space. Which building is more
suitable for this conversion?
Must sum to 11.
Must sum to 11.
Must sum to 11.
5. One of these buildings is going to be converted into a new student union. The student union will include
restaurants, a bookstore, clothing stores, and other retail spaces. Which building is more attractive for this new
use?
Must sum to 11.
6. The foundations of both buildings are aging and beginning to show signs of distress. The University has funding
to fix the foundation of one building. For which building could this repair be more readily implemented?
Must sum to 11.
7. Both buildings are experiencing settlement in one corner of the foundation, and are in need of seismic upgrades.
They both need an approximate 20 percent increase in lateral capacity. The University has funding to perform this
for one building. For which building would it be easier to implement seismic upgrades?
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Building A Building C
Must sum to 11.
15. Relative to one another, to what extent does each building exhibit simplicity?
In individual systems and buildings as wholes,  simplicity  indicates the use of regular, repetitive, easily understood
parts or spaces with minimized unique conditions.
Must sum to 11.
16. Relative to one another, to what extent does each building exhibit layer separation?
Layer separation  is the physical and functional separation of building layers (i.e. space plan, envelope, structure,
services) such that one can be modified or removed with minimized effect on other layers.
Must sum to 11.
14. Relative to one another, to what extent does each building exhibit loose fit?
Loose fit  refers to openness in the floor plan and building section, and the ability of space to perform mulitple
functions with minimal adaptation.
11. Both buildings are scheduled for demolition. The University wishes to reuse and recycle as much material as
possible. For which building can building materials be most readily reused and/or recycled?
Must sum to 11.
Now consider each general dimension listed below. Similarly to the previous section, rate the relative presence of the given dimensions 
for each building.
You may only assign whole numbers of points. Please ensure that the points add up to 11.
13. Relative to one another, to what extent does each building exhibit long life?
The  usable lifetime  of a building can be extended through overdesigning the structure, using durable and high
quality materials, and making other choices that slow the physical aging of a building.
Must sum to 11.
12. The interior space of both buildings need a complete overhaul, but the University wants to maintain the
exterior look of the buildings. (This is sometimes called a "facadectomy.")  Which building is best suited for this?
Must sum to 11.
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2. The University wants to adapt a building to include multiple large "scale‐up" classrooms. The rooms will have 80
seats, round tables instead of rows of desks, no defined front, and projection screens and board space on each
wall. Which building could be more readily adapted to include 6‐8 classrooms of this type?
Must sum to 11.
3. The façades of both buildings are beginning to show their age and are creating maintenance concerns. The
University has funding to completely re‐do the thermal insulation and waterproofing of one building. The
University wishes to retain the same aesthetic of the existing building. Which of the two buildings is most suitable
for this update?
Must sum to 11.
4. The University wishes to add four wet laboratories to its campus. Which of the two buildings would be more
suitable for this addition? (These are laboratories in which chemicals, drugs, or other material or biological matter
are tested and analyzed requiring water, direct ventilation, and specialized piped utilities.)
Must sum to 11.
Building A Building D
Consider each hypothetical adaptation project described below. Rate the relative attractiveness of the two buildings for each proposed 
adaptation project, based on the information given in the case study packet. Do this by distributing 11 points between the two buildings. 
For example, if one building is significantly more attractive than the other, it might receive 9 points and the other 2 points. If one building 
is only slightly more attractive, it might receive 6 points and the other 5 points.
Note that the scores are relative between the two buildings, not absolute. Thus, a building which you judge to be a poor overall 
candidate may still receive a high score because it is a better candidate relative to another. Absolute scores will later be calculated based 
on your responses.
You may only assign whole numbers of points. Please ensure that the points add up to 11.
1. The University wishes to convert one of the two buildings entirely into office space. Which building is more
suitable?
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8. The University has partnered with a "smart building" company to run a pilot study on smart HVAC systems and
envelopes. The system will involve installing wireless sensors (4x4 in.) in to measure heat transfer and humidity
levels through the walls, foundation, and roof, and air temperature and humidity throughout occupied spaces.
Must sum to 11.
9. As campus becomes increasingly landlocked, one of the University's solutions is to add levels to buildings to
create more floor area. Which building is more suitable for the addition of another level?
Must sum to 11.
10. The University has the funding to convert one building into a student fitness center. It will include weight
rooms, cardio equipment, exercise class studios, locker rooms, and administrative space. Which building is more
suitable for this conversion?
Must sum to 11.
Must sum to 11.
Must sum to 11.
5. One of these buildings is going to be converted into a new student union. The student union will include
restaurants, a bookstore, clothing stores, and other retail spaces. Which building is more attractive for this new
use?
Must sum to 11.
6. The foundations of both buildings are aging and beginning to show signs of distress. The University has funding
to fix the foundation of one building. For which building could this repair be more readily implemented?
Must sum to 11.
7. Both buildings are experiencing settlement in one corner of the foundation, and are in need of seismic upgrades.
They both need an approximate 20 percent increase in lateral capacity. The University has funding to perform this
for one building. For which building would it be easier to implement seismic upgrades?
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Must sum to 11.
15. Relative to one another, to what extent does each building exhibit simplicity?
In individual systems and buildings as wholes,  simplicity  indicates the use of regular, repetitive, easily understood
parts or spaces with minimized unique conditions.
Must sum to 11.
16. Relative to one another, to what extent does each building exhibit layer separation?
Layer separation  is the physical and functional separation of building layers (i.e. space plan, envelope, structure,
services) such that one can be modified or removed with minimized effect on other layers.
Must sum to 11.
14. Relative to one another, to what extent does each building exhibit loose fit?
Loose fit  refers to openness in the floor plan and building section, and the ability of space to perform mulitple
functions with minimal adaptation.
11. Both buildings are scheduled for demolition. The University wishes to reuse and recycle as much material as
possible. For which building can building materials be most readily reused and/or recycled?
Must sum to 11.
Now consider each general dimension listed below. Similarly to the previous section, rate the relative presence of the given dimensions 
for each building.
You may only assign whole numbers of points. Please ensure that the points add up to 11.
13. Relative to one another, to what extent does each building exhibit long life?
The  usable lifetime  of a building can be extended through overdesigning the structure, using durable and high
quality materials, and making other choices that slow the physical aging of a building.
Must sum to 11.
12. The interior space of both buildings need a complete overhaul, but the University wants to maintain the
exterior look of the buildings. (This is sometimes called a "facadectomy.")  Which building is best suited for this?
Must sum to 11.
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2. The University wants to adapt a building to include multiple large "scale‐up" classrooms. The rooms will have 80
seats, round tables instead of rows of desks, no defined front, and projection screens and board space on each
wall. Which building could be more readily adapted to include 6‐8 classrooms of this type?
Must sum to 11.
3. The façades of both buildings are beginning to show their age and are creating maintenance concerns. The
University has funding to completely re‐do the thermal insulation and waterproofing of one building. The
University wishes to retain the same aesthetic of the existing building. Which of the two buildings is most suitable
for this update?
Must sum to 11.
4. The University wishes to add four wet laboratories to its campus. Which of the two buildings would be more
suitable for this addition? (These are laboratories in which chemicals, drugs, or other material or biological matter
are tested and analyzed requiring water, direct ventilation, and specialized piped utilities.)
Must sum to 11.
Building B Building C
Consider each hypothetical adaptation project described below. Rate the relative attractiveness of the two buildings for each proposed 
adaptation project, based on the information given in the case study packet. Do this by distributing 11 points between the two buildings. 
For example, if one building is significantly more attractive than the other, it might receive 9 points and the other 2 points. If one building 
is only slightly more attractive, it might receive 6 points and the other 5 points.
Note that the scores are relative between the two buildings, not absolute. Thus, a building which you judge to be a poor overall 
candidate may still receive a high score because it is a better candidate relative to another. Absolute scores will later be calculated based 
on your responses.
You may only assign whole numbers of points. Please ensure that the points add up to 11.
1. The University is expanding its on‐campus housing and wishes to convert one of the two buildings into a
dormitory with community space on the first floor and dorm rooms on the upper floor(s). Which building is more
suitable?
59
Building B Building C
Building B Building C
Building B Building C
Building B Building C
Building B Building C
Building B Building C
Building B Building C
8. The University has partnered with a "smart building" company to run a pilot study on smart HVAC systems and
envelopes. The system will involve installing wireless sensors (4x4 in.) in to measure heat transfer and humidity
levels through the walls, foundation, and roof, and air temperature and humidity throughout occupied spaces.
Must sum to 11.
9. As campus becomes increasingly landlocked, one of the University's solutions is to add levels to buildings to
create more floor area. Which building is more suitable for the addition of another level?
Must sum to 11.
10. The University has the funding to convert one building into a student fitness center. It will include weight
rooms, cardio equipment, exercise class studios, locker rooms, and administrative space. Which building is more
suitable for this conversion?
Must sum to 11.
Must sum to 11.
Must sum to 11.
5. One of these buildings is going to be converted into a new student union. The student union will include
restaurants, a bookstore, clothing stores, and other retail spaces. Which building is more attractive for this new
use?
Must sum to 11.
6. The foundations of both buildings are aging and beginning to show signs of distress. The University has funding
to fix the foundation of one building. For which building could this repair be more readily implemented?
Must sum to 11.
7. Both buildings are experiencing settlement in one corner of the foundation, and are in need of seismic upgrades.
They both need an approximate 20 percent increase in lateral capacity. The University has funding to perform this
for one building. For which building would it be easier to implement seismic upgrades?
60
Building B Building C
Building B Building C
Building B Building C
Building B Building C
Building B Building C
Building B Building C
Must sum to 11.
15. Relative to one another, to what extent does each building exhibit simplicity?
In individual systems and buildings as wholes,  simplicity  indicates the use of regular, repetitive, easily understood
parts or spaces with minimized unique conditions.
Must sum to 11.
16. Relative to one another, to what extent does each building exhibit layer separation?
Layer separation  is the physical and functional separation of building layers (i.e. space plan, envelope, structure,
services) such that one can be modified or removed with minimized effect on other layers.
Must sum to 11.
14. Relative to one another, to what extent does each building exhibit loose fit?
Loose fit  refers to openness in the floor plan and building section, and the ability of space to perform mulitple
functions with minimal adaptation.
11. Both buildings are scheduled for demolition. The University wishes to reuse and recycle as much material as
possible. For which building can building materials be most readily reused and/or recycled?
Must sum to 11.
Now consider each general dimension listed below. Similarly to the previous section, rate the relative presence of the given dimensions 
for each building.
You may only assign whole numbers of points. Please ensure that the points add up to 11.
13. Relative to one another, to what extent does each building exhibit long life?
The  usable lifetime  of a building can be extended through overdesigning the structure, using durable and high
quality materials, and making other choices that slow the physical aging of a building.
Must sum to 11.
12. The interior space of both buildings need a complete overhaul, but the University wants to maintain the
exterior look of the buildings. (This is sometimes called a "facadectomy.")  Which building is best suited for this?
Must sum to 11.
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2. The University wants to adapt a building to include multiple large "scale‐up" classrooms. The rooms will have 80
seats, round tables instead of rows of desks, no defined front, and projection screens and board space on each
wall. Which building could be more readily adapted to include 6‐8 classrooms of this type?
Must sum to 11.
3. The façades of both buildings are beginning to show their age and are creating maintenance concerns. The
University has funding to completely re‐do the thermal insulation and waterproofing of one building. The
University wishes to retain the same aesthetic of the existing building. Which of the two buildings is most suitable
for this update?
Must sum to 11.
4. The University wishes to add four wet laboratories to its campus. Which of the two buildings would be more
suitable for this addition? (These are laboratories in which chemicals, drugs, or other material or biological matter
are tested and analyzed requiring water, direct ventilation, and specialized piped utilities.)
Must sum to 11.
Building B Building D
Consider each hypothetical adaptation project described below. Rate the relative attractiveness of the two buildings for each proposed 
adaptation project, based on the information given in the case study packet. Do this by distributing 11 points between the two buildings. 
For example, if one building is significantly more attractive than the other, it might receive 9 points and the other 2 points. If one building 
is only slightly more attractive, it might receive 6 points and the other 5 points.
Note that the scores are relative between the two buildings, not absolute. Thus, a building which you judge to be a poor overall 
candidate may still receive a high score because it is a better candidate relative to another. Absolute scores will later be calculated based 
on your responses.
You may only assign whole numbers of points. Please ensure that the points add up to 11.
1. The University wishes to convert one of the two buildings entirely into office space. Which building is more
suitable?
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8. The University has partnered with a "smart building" company to run a pilot study on smart HVAC systems and
envelopes. The system will involve installing wireless sensors (4x4 in.) in to measure heat transfer and humidity
levels through the walls, foundation, and roof, and air temperature and humidity throughout occupied spaces.
Must sum to 11.
9. As campus becomes increasingly landlocked, one of the University's solutions is to add levels to buildings to
create more floor area. Which building is more suitable for the addition of another level?
Must sum to 11.
10. The University has the funding to convert one building into a student fitness center. It will include weight
rooms, cardio equipment, exercise class studios, locker rooms, and administrative space. Which building is more
suitable for this conversion?
Must sum to 11.
Must sum to 11.
Must sum to 11.
5. One of these buildings is going to be converted into a new student union. The student union will include
restaurants, a bookstore, clothing stores, and other retail spaces. Which building is more attractive for this new
use?
Must sum to 11.
6. The foundations of both buildings are aging and beginning to show signs of distress. The University has funding
to fix the foundation of one building. For which building could this repair be more readily implemented?
Must sum to 11.
7. Both buildings are experiencing settlement in one corner of the foundation, and are in need of seismic upgrades.
They both need an approximate 20 percent increase in lateral capacity. The University has funding to perform this
for one building. For which building would it be easier to implement seismic upgrades?
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Must sum to 11.
15. Relative to one another, to what extent does each building exhibit simplicity?
In individual systems and buildings as wholes,  simplicity  indicates the use of regular, repetitive, easily understood
parts or spaces with minimized unique conditions.
Must sum to 11.
16. Relative to one another, to what extent does each building exhibit layer separation?
Layer separation  is the physical and functional separation of building layers (i.e. space plan, envelope, structure,
services) such that one can be modified or removed with minimized effect on other layers.
Must sum to 11.
14. Relative to one another, to what extent does each building exhibit loose fit?
Loose fit  refers to openness in the floor plan and building section, and the ability of space to perform mulitple
functions with minimal adaptation.
11. Both buildings are scheduled for demolition. The University wishes to reuse and recycle as much material as
possible. For which building can building materials be most readily reused and/or recycled?
Must sum to 11.
Now consider each general dimension listed below. Similarly to the previous section, rate the relative presence of the given dimensions 
for each building.
You may only assign whole numbers of points. Please ensure that the points add up to 11.
13. Relative to one another, to what extent does each building exhibit long life?
The  usable lifetime  of a building can be extended through overdesigning the structure, using durable and high
quality materials, and making other choices that slow the physical aging of a building.
Must sum to 11.
12. The interior space of both buildings need a complete overhaul, but the University wants to maintain the
exterior look of the buildings. (This is sometimes called a "facadectomy.")  Which building is best suited for this?
Must sum to 11.
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2. The University wants to adapt a building to include multiple large "scale‐up" classrooms. The rooms will have 80
seats, round tables instead of rows of desks, no defined front, and projection screens and board space on each
wall. Which building could be more readily adapted to include 6‐8 classrooms of this type?
Must sum to 11.
3. The façades of both buildings are beginning to show their age and are creating maintenance concerns. The
University has funding to completely re‐do the thermal insulation and waterproofing of one building. The
University wishes to retain the same aesthetic of the existing building. Which of the two buildings is most suitable
for this update?
Must sum to 11.
4. The University wishes to add four wet laboratories to its campus. Which of the two buildings would be more
suitable for this addition? (These are laboratories in which chemicals, drugs, or other material or biological matter
are tested and analyzed requiring water, direct ventilation, and specialized piped utilities.)
Must sum to 11.
Building C Building D
Consider each hypothetical adaptation project described below. Rate the relative attractiveness of the two buildings for each proposed 
adaptation project, based on the information given in the case study packet. Do this by distributing 11 points between the two buildings. 
For example, if one building is significantly more attractive than the other, it might receive 9 points and the other 2 points. If one building 
is only slightly more attractive, it might receive 6 points and the other 5 points.
Note that the scores are relative between the two buildings, not absolute. Thus, a building which you judge to be a poor overall 
candidate may still receive a high score because it is a better candidate relative to another. Absolute scores will later be calculated based 
on your responses.
You may only assign whole numbers of points. Please ensure that the points add up to 11.
1. The University wishes to convert one of the two buildings entirely into office space. Which building is more
suitable?
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8. The University has partnered with a "smart building" company to run a pilot study on smart HVAC systems and
envelopes. The system will involve installing wireless sensors (4x4 in.) in to measure heat transfer and humidity
levels through the walls, foundation, and roof, and air temperature and humidity throughout occupied spaces.
Must sum to 11.
9. As campus becomes increasingly landlocked, one of the University's solutions is to add levels to buildings to
create more floor area. Which building is more suitable for the addition of another level?
Must sum to 11.
10. The University has the funding to convert one building into a student fitness center. It will include weight
rooms, cardio equipment, exercise class studios, locker rooms, and administrative space. Which building is more
suitable for this conversion?
Must sum to 11.
Must sum to 11.
Must sum to 11.
5. One of these buildings is going to be converted into a new student union. The student union will include
restaurants, a bookstore, clothing stores, and other retail spaces. Which building is more attractive for this new
use?
Must sum to 11.
6. The foundations of both buildings are aging and beginning to show signs of distress. The University has funding
to fix the foundation of one building. For which building could this repair be more readily implemented?
Must sum to 11.
7. Both buildings are experiencing settlement in one corner of the foundation, and are in need of seismic upgrades.
They both need an approximate 20 percent increase in lateral capacity. The University has funding to perform this
for one building. For which building would it be easier to implement seismic upgrades?
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Building C Building D
Building C Building D
Building C Building D
Building C Building D
Building C Building D
Building C Building D
Must sum to 11.
15. Relative to one another, to what extent does each building exhibit simplicity?
In individual systems and buildings as wholes,  simplicity  indicates the use of regular, repetitive, easily understood
parts or spaces with minimized unique conditions.
Must sum to 11.
16. Relative to one another, to what extent does each building exhibit layer separation?
Layer separation  is the physical and functional separation of building layers (i.e. space plan, envelope, structure,
services) such that one can be modified or removed with minimized effect on other layers.
Must sum to 11.
14. Relative to one another, to what extent does each building exhibit loose fit?
Loose fit  refers to openness in the floor plan and building section, and the ability of space to perform mulitple
functions with minimal adaptation.
11. Both buildings are scheduled for demolition. The University wishes to reuse and recycle as much material as
possible. For which building can building materials be most readily reused and/or recycled?
Must sum to 11.
Now consider each general dimension listed below. Similarly to the previous section, rate the relative presence of the given dimensions 
for each building.
You may only assign whole numbers of points. Please ensure that the points add up to 11.
13. Relative to one another, to what extent does each building exhibit long life?
The  usable lifetime  of a building can be extended through overdesigning the structure, using durable and high
quality materials, and making other choices that slow the physical aging of a building.
Must sum to 11.
12. The interior space of both buildings need a complete overhaul, but the University wants to maintain the
exterior look of the buildings. (This is sometimes called a "facadectomy.")  Which building is best suited for this?
Must sum to 11.
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Total area: 65,300 SF 
Stories: 4 stories + basement 
Height: 60 ft 
Site slope: level 
BUILDING A 
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Space Plan Summary 
• Total building area: 65,300 SF
• 4 stories + basement
• Total building height: 60’-0”
• Floor-to-floor height: 15’-0”
• Ceiling height: varies, lowest: 10’-0”
• Large 2-story atrium
• 2nd and 3rd floors utilize demountable and movable glass and aluminum partition walls that do
not disrupt flooring finishes or break plan of ceiling
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Basement 
• Floor area: 7717 SF
• Mechanical, electrical, AV rooms
• Waste/recycling, mail room, storage
• Campus utility tunnel with steam line
First Floor 
• Floor area: 18,874 SF
• 600 SF auditorium
• 6,834 SF 2-story atrium
• 2 story shop/vocational space
• Other features: café, classroom, office area
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Second Floor 
• 11,788 SF
• Classroom, group study spaces
• Non-fixed, movable partition walls
Third Floor 
• 16,180 SF
• Classrooms, offices
• Non-fixed walls
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Fourth Floor 
• 10,875 SF
• Unfinished, open space
• Roof terrace
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15’-0” 
15’-0” 
15’-0” 
15’-0” 
0’ - 0” 
15’ - 0” 
30’ - 0” 
45’ - 0” 
60’ - 0” Building Section 
East-West 
Building Section 
North-South 
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Foundation Description and Details 
Piles -18” diameter auger-cast piles
Pile Caps -36” depth
Grade Beams -36” depth
Foundation Walls -Basement: 12”- 22” concrete foundation wall
-Ground floor: 8” concrete foundation wall
Slabs -Basement and ground floor: 5” SOG
Allowable Soil Bearing Pressure 1500 psf 
Concrete Compressive Strength 5000 psi 
Pile minimum Compression Capacity 90 tons 
Foundation Plan 
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Design Loads and Wind Criteria 
Roof 20 psf 
Roof terrace 100 psf 
Floor 100 psf 
Projection rooms 50 psf 
Slab-on-grade 150 psf 
Design Wind Speed 120 mph (ultimate) 
Structural Systems 
Lateral Force Resisting 
System 
-Ordinary reinforced concrete shear walls (below 1st floor)
-Steel and concrete composite ordinary braced frames (above 1st
floor)
Framing System -Composite concrete columns and girders cast in stay-in-place
steel forms
Floor System -DEEP-DEK© composite floor: reinforced concrete cast on metal
deck composite with beams and columns
Roof System -Green roof: DEEP-DEK© system (composite slab and beams)
-High roof: steel joist and deck
Column Grid and Braced Frame Layout 
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Proprietary Steel/Concrete Framing and Floor System 
Concrete is poured into stay-in-place reinforced steel frames.  The same concrete that fills the 
beam also covers the floor, joining the two, to create a monolithic frame.  The fused concrete 
and steel frame create a stronger structure with a larger span capacity. 
Column and Beam Form         Construction photo before concrete 
Deck-Beam Connection Graphic  Column 
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Envelope Summary 
• 3-story atrium with glazed curtain walls on east and south side of building.
• Remaining envelope is brick veneer masonry with areas of aluminum curtain walls.
• Exterior walls are not load-bearing.
• Green roof over atrium area.
• Wall insulation: glass-fiber blanket insulation in all cold-formed metal studs (6” deep).
• Glazing: low-E coated clear insulating glass.
Plan view of top of building 
West Elevation 
Main building: brick veneer w/ alum. curtain walls 
(panel size: 3’x6’) 
Atrium: aluminum curtain 
walls (panel size: 5’x11’) 
Green roof 
N 
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East Elevation 
South Elevation 
Atrium (aluminum curtain wall) 
Main building: brick veneer w/ alum. curtain walls 
Atrium (aluminum curtain wall) 
Main building: brick veneer 
w/ alum. curtain walls 
Green roof 
Green roof 
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North Elevation 
Overhead garage door 
Main building: brick veneer 
w/ alum. curtain walls 
Atrium (aluminum 
curtain wall) 
Green roof 
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Detail at elevated slab: 
Detail at high roof: 
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Curtain Walls (Atrium) 
• Curtain walls are tied to horizontal steel tubes, which are attached to Diversakore columns.
• A hanging LED lighting system across the east face is supported by steel beams extending from
columns.
Connection of curtain wall to Diversakore column. 
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Green roof (terrace) 
High Roof 
• Roof material: bituminous membrane on cover board on tapered insulation on metal roof deck.
• See previous detail for Brick veneer at high roof.
Wood tiles or precast pavers on pedestals 
Drainage composite/ 
protection board 
4” foam-plastic 
board insulation 
1-1/4” drainage mat
Hot-applied rubberized asphalt 
membrane roofing w/ protection sheet 
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Mechanical 
• Each floor is divided into flexible zones that are individually monitored and controlled by
thermostats.
• Steam and chilled water are supplied through utility tunnel from source on campus.
• Hot water (heated by steam) and chilled water are distributed throughout the building to
provide heating and cooling.
HVAC System Components (in Sequence) 
Air Handling 
Units (AHUs) 
• Three AHUs in basement mechanical room. (13,550 lb each)
• AHUs heat or cool air for entire building.
• AHUs provide all latent load and a portion of sensible load.
Mechanical 
Chases 
• Two vertical chases supply air to each floor.
• Air from AHUs is forced up through ducts in the chases.
“Finger” Ducts • Movable ducts supply air from chases to the UFAD (underfloor air
distribution system) on each floor.
Raised Plenum • 12” space between slab and floor (on each floor). (18” is typical.)
• Each floor has one plenum that extends throughout the entire floor plan
(no walls that extend to slab).
o Exception: bathrooms are surrounded by braced frame walls; air is
supplied from plenum via a transfer duct in wall.
• Air entering plenum from “finger” ducts creates a pressure differential
between plenum and interior space.
• Care must be taken to seal the plenum so there is no air leakage.
Underfloor air 
diffusers 
(dampers) 
• Air flows through plenum and is forced up through dampers by pressure
differential.
• Dampers open or close depending on temperature in zone.
• Static pressure resets every hour to maintain at least one damper at 90%,
with no damper exceeding 95%.
In-Floor Chilled 
Beams (IFCBs) & 
In-Floor Heat 
Troughs (IFHTs) 
• Devices are located around perimeter of each floor plan, especially near
large areas of glazing. They provide supplementary heating and/or cooling.
• Pressure differential in plenum forces air up through devices, where it is
heated or cooled by hot or chilled water.
• IFCBs receive both hot and chilled water, and perform sensible heating or
cooling.
• IFHTs receive only hot water. They can only provide additional heating.
• IFCBs and IFHTs handle perimeter sensible load entering through envelope.
o They cannot handle latent load because damp air would cause
condensation on the water pipes.
Return System • Air enters vents in ceiling and is returned to basement through a plenum.
Outside Air • Minimum required flow of outside air is always supplied to AHUs.
• Carbon dioxide sensors are located throughout building. More outside air is
supplied if CO2 levels are high.
• The sensor with the highest reading controls the amount of outside air
entering building.
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*Note: all buildings on Clemson University’s campus must utilize high-pressure steam that runs
through tunnels to each building. Building A uses this steam to heat the HVAC water.
Vertical chase 
“Finger” ducts 
Damper 
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“Finger” duct on floor under construction. Vertical mechanical chase is behind wall. 
In-floor chilled beams 
(receive hot and cold water) 
In-floor heat troughs 
(receive hot water) 
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Electrical 
• Main electrical room in basement and one electrical room per floor.
• Cables are run through cable trays in plenum space.
• All light fixtures have their own IP address and can be individually controlled and monitored.
• Power and data are run to two-gang floor boxes (photo below). They can be relocated around the
floor plan.
• The boxes are 3-circuit power distribution modules
• Receptacles can be popped out and replaced.
Floor box. 
Plumbing 
• Utility tunnel: 10” chilled water line into building.
• Pipes have extra valves, allowing a floor’s system
to be shut off partially for repairs.
• Pipes run inside the plenum space.
• Bathrooms have accessible plumbing chases.
Power 
Data 
Plumbing chase between bathrooms, 
accessible through a door. 
88
Total area: 40,000 SF 
Stories: 3 stories (first story is partially underground) 
Height: 57 ft 
Site slope: grade slopes east to west 
BUILDING B 
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Space Plan Summary 
• Total building area: 40,021 SF
• 3 stories
• Total building height: 57’-0”
• Floor-to-floor height
o First and second floor: 14’-8”
o Third floor: 11’-8”
• Ceiling height: varies, lowest: 10’-0”
• Some interior walls are load-bearing (see Structural summary)
• Mostly classroom and office space; high roof, open space over central staircase
First Floor 
• 14,239 SF
• Part of east side is underground, has concrete retaining wall
• Two large, sunken mechanical/electrical rooms in east part of building
• 1400 SF case study (70 seats)
• Meeting rooms and study lounges
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Second Floor 
• 12,992 SF
• Offices and small meeting rooms
Third Floor 
• 12,790 SF
• 7 classrooms and 1 office
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14’-8” 
14’-8” 
12’-8” 
0’-0” 
14’-8” 
29’-4” 
42’-0” 
Building Section 
North-South 
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Foundation Description and Details 
Footings -Continuous spread footings under walls
-Isolated spread footings under columns
Foundation Walls -8” concrete wall (typical)
-Mechanical rooms: 14” concrete wall (retaining)
Slabs -Mechanical rooms: 6” SOG poured integrally w/
footings (3’-4” or 2’-4” below first floor slab)
-Ground floor: 4” SOG (8” thickened slab at wall)
-Case study room: 5” SOG
Allowable Soil Bearing Pressure 3000 psf 
Concrete Compressive Strength -Cast-in-place footings: 3000 psi
-All other concrete work: 4000 psi
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16" x 16" CONC.
COL. (TYPICAL
WHERE SHOWN)
ELEVATOR PIT
8" CONC. FND.
WALL (TYPICAL)
U.N.O.
12" x 16"
CONC. COL. 12" x 16"
CONC. COL. 12" x 16"CONC. COL.
8" CMU WALL
12" x 16"
CONC. PIERS
CONC. FTG.
14" CONC. WALL14" CONC. WALL
14" CONC. WALL
6" SLAB POURED INTEGRALLY w/ FTGS
T/SLAB EL. = -3'-4" 6" SLAB POURED INTEGRALLY w/ FTGS
T/SLAB EL. = -3'-4"
12" x 16"
CONC. COL.
14" CONC. WALL
FOUNDATION
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Design Loads and Criteria 
Roof 20 psf 
All ground floor areas 100 psf 
Classrooms 40 psf 
Second floor corridors 80 psf 
Elevated floor office areas 50 psf 
Design Wind Speed 90 mph (allowable) 
Structural Systems 
Lateral Force Resisting System -Special reinforced masonry shear walls
Framing System Two systems: 
-Load-bearing masonry walls
-Steel girders and beams
And:
-Concrete columns, walls, and elevated slab poured
monolithically
Floor System -2nd floor: mainly 4” slab (4000 psi) on metal deck, supported by
steel joist system; area over mechanical space is 8” slab poured
monolithically with concrete beams and foundation walls below
-3rd floor: 4” slab on metal deck, supported by steel joist system
Roof System -Lightgage steel trusses and metal roof deck
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16" x 16" CONC.
COL. (TYPICAL
WHERE SHOWN)
ELEVATOR PIT
12" x 16"
CONC. COL. 12" x 16"
CONC. COL. 12" x 16"CONC. COL.
8" CMU WALL
14" CONC. WALL14" CONC. WALL
14" CONC. WALL
6" SLAB ON GRADE, BELOW
6" SLAB ON GRADE, BELOW
4" SLAB ON
GRADE
4" SLAB ON
GRADE
4" SLAB ON
GRADE
RAMP DOWN
6" SLAB ON GRADE
T/SLAB EL. = -0'-012"
4" SLAB ON
GRADE
5" SLAB ON GRADE
T/SLAB EL. = -1'-9"
T/SLAB EL. = -1'-2"
T/SLAB EL. = -0'-7"
T/SLAB EL. = 0'-0"
T/SLAB EL. = 0'-7"
4" SLAB ON GRADE
GROUND FLOOR
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JO
IS
TS
JO
IS
TS
JO
IS
TS
6" SLAB
JO
IS
TS
JO
IS
TS
JO
IS
TS
6" SLAB6" SLAB
6"
 S
LA
B
STEEL BEAM/GIRDER (UNDER SLAB)
STEEL BEAM/GIRDER 8" CMU WALL
8" CMU WALL (UNDER SLAB)
8" SLAB
CONC. BEAM
(UNDER SLAB)
CONC. COLUMN
TUBE STEEL COLUMN
NOTE: FLOOR IS 4" SLAB UNLESS NOTED OTHERWISE
8" SLAB OVER MECH.
CHASE
8" SLAB OVER MECH.
CHASE
ELEVATOR
SHAFT
TUBE STEEL BEAM
SECOND FLOOR
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JO
IS
TS
6" SLAB
JO
IS
TS
JO
IS
TS
JO
IS
TS
6" SLAB6" SLAB
STEEL BEAM/GIRDER (UNDER SLAB)
STEEL BEAM/GIRDER TUBE STEEL COLUMN
NOTE: FLOOR IS 4" SLAB UNLESS NOTED OTHERWISE
8" CMU WALL
JO
IS
TS
JO
IS
TS
JO
IS
TS
6" SLAB
8" SLAB 8" SLAB
JOISTS
ELEVATOR
SHAFT
12" CMU WALL
THIRD FLOOR
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Envelope Summary 
• Exterior walls are reinforced masonry (load-bearing).
• Cladding: brick veneer or EIFS (exterior insulation and finish system).
• Some areas of large storefront.
• Roof is standing seam metal deck.
• High roof over central staircase.
• Walls: 1 ½” rigid insulation.
• Roof: R-30 batt insulation.
• Glazing: 1” insulated glass.
• Typical window size: 5’-4” x 9’-4”
West Elevation: 
East Elevation: 
 
EIFS (shaded area) 
Brick veneer (white area) Open area, EIFS wall beyond (dark area) 
EIFS (shaded area) 
Brick veneer (white area) 
Open area, EIFS wall beyond (dark area) 
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North Elevation 
South Elevation 
EIFS (shaded area) 
Brick veneer (white area) 
Open area, EIFS wall beyond (dark area) 
Louver 
EIFS (shaded area) 
Brick veneer (white area) 
Open area, EIFS wall beyond (dark area) 
100
Roof 
Standing seam metal roof 
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Mechanical 
• 65 VAV (Variable Air Volume) units, varying sizes.
• Ducted supply and return.
• Two AHUs (one north, one south); both serve all floors.
• Chilled water and steam from campus utility tunnel.
• Hot water supply and return go to terminal reheat units. Heated by steam.
Electrical 
• Lighting: all fluorescent. Mostly user-controlled, with some daylight-sensing.
• Large 6-way ductbanks.
• Typical wiring.
Plumbing 
• 6” incoming water service.
• Pipes hung from concrete slab above.
• Underslab sanitary pipes.
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Total area: 55,000 SF 
Stories: 1 story with mezzanine 
Height: 35’ 
Site slope: grade slopes down slightly from west to east 
BUILDING C 
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Space Plan Summary 
• Total building area: 50,229 SF
• 1 story + mezzanine
• Total building height:
Low pt: 30’-4” / High pt: 34’-4” 
• Floor-to-floor height: 12’-7”
• Ceiling height: varies, lowest: 10’-0”
• Open studio space, classrooms
• “Tree” columns have skylights (see photo)
“Tree” columns and skylights  Glass walls on mezzanine level 
10’-2” 
9’-0” 
2’-5” 
0’-0” 
10’-2” 
12’-7” 
21’-7” 
Mezzanine 
Ground floor 
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Basement 
• Mechanical, telecom, and electrical rooms
• See “Foundation” section for basement area
First Floor 
• 33,696  SF
• Open studio space
• Classrooms
• Restrooms
45’ x 30’ bays 
(‘tree” columns) 
15’ spacing for 
mezzanine columns 
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Mezzanine 
• 16,533 SF
• Offices
• Open studio space
• Glass railed walkways
• Glass and metal stud walls
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Foundation Description and Details 
Footings -Continuous spread footings under walls
-Isolated spread footings under columns
Concrete Stem Wall -9” to 12” thick, all around building perimeter
-Pilasters at braced frame columns (1’-11” thick)
Slabs -6” SOG in basement
-Ground floor: 6” SOG
Allowable Soil Bearing Pressure 3000 psf 
Concrete Compressive Strength 5000 psi 
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Design Loads and Crtieria 
Design Wind Speed 90 mph (allowable) 
*Live loads shown on diagrams on subsequent pages
Structural Systems 
Lateral Force Resisting System -Ordinary steel concentric frames
Framing System -Steel framing
Floor System -Composite 2.5” lightweight concrete slab (4000 psi) on metal
deck, supported by steel joists
Roof System -Steel beams and composite 2” lightweight concrete slab (4000
psi) on composite metal deck (w/ special “strut arms” for
skylight openings)
“Tree” column and skylight         “Y” column (foreground) and  X-bracing (from interior)
(Each has unique geometry)    X-bracing (behind glass)
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Ground floor 
Mezzanine 
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Design Loads 
Ground floor 
1
1
2
2
3
3
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Mezzanine 
1
2
3
4
3
1 2
4
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Green roof 
1
2
3
4
5
1
2
3
4
5
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Cantilevered exterior wall 
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Envelope Summary 
• Walls running north-south are the lateral force-resisting system (steel framed).
• Cantilevered “wing” walls at each end.
• All glazing is “insulated glass unit with high performance low-E coating.”
o Glass units are attached to W-shape columns (exposed painted curtain wall steel).
• Green roof with openings for skylights.
• Wall insulation: 6” rigid insulation.
• Glazing: Insulated glass units with high performance low-E coating.
West Elevation 
East Elevation 
North Elevation 
2’ gap 2’ gap 
2’ gap 2’ gap 
Brick veneer 
Brick veneer 
Glass curtain wall 
Glass curtain wall 
Glass curtain wall 
Glass curtain wall X-bracing (in front of glass)
“Y” columns (in front of 
exterior wall, shown below) 
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South Elevation 
Green Roof 
• Roof was designed to be a green roof in the future
• Skylights: Insulated glass unit: high performance low-E coating, laminated inboard lite
Typical roof assembly for future green roof 
“Y” columns (in front of 
exterior wall, shown below) 
X-bracing (in front of glass) Glass curtain wall 
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Skylight opening 
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Mechanical 
• Mechanical equipment located in basement (2 AHU’s).
• Mechanical chase in each ground floor classroom.
Typical mechanical chase for a ground-floor classroom; contains radiant piping manifolds and 
supply air duct. 
• Underslab ducts with supply vents around perimeter (to offset hear gain/loss through glazing
areas).
• Radiant piping buried above underground ductwork (used for heating and cooling).
• Thermostats: divided into zones (8 radiant piping zones).
• Offices on mezzanine: ductwork (supply and return vents) in ceiling, VAV units.
• Underslab radiant piping on ground floor (NOT in classrooms or bathrooms).
• Mechanical ventilation from operable windows.
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Ground floor radiant piping: not installed in classrooms (these get treated air from ducts). 
Mezzanine radiant piping: not installed in offices (these get treated air from ducts). 
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Geothermal well field. 
    Supply vent at building perimeter   Small vent in building interior 
BUILDING 
TO BASEMENT 
GEOTHERMAL 
WELLS 
PIPING 
119
Electrical 
• Power supplied via floor boxes on ground floor and mezzanine – 2 duplex receptacles and 2
data outlets in each.
Floor box on ground floor 
• Lighting
o Open studio space controlled by daylight sensors.
o Skylights and large areas of glazing provide natural light.
o Offices and classrooms have user-controlled lighting.
• Electrical conduit is in-slab.
Plumbing 
• 6” incoming service line.
• Sanitary piping below floor slab.
• Supply piping and vent piping is along ceiling or, if no ceiling, as high as possible.
• No irrigation on roof for future green roof.
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Total area: 74,000 SF 
Stories:  4 stories 
Height: 55 ft 
Site slope: grade slopes down from east to west 
BUILDING D 
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Space Plan Summary 
• Total building area: 73,842 SF
• 4 stories
• Total building height: 55’-0”
• Floor-to-floor height: 12’-0”
• Ceiling height: 10’-0”
o Except in hallways: 8’-0”
• 77 units, 302 beds
First Floor 
• 18,276 SF
• Lobby and reception area
• 9 double units, 2 apartment-style units
• Laundry room
• Computer lab
• Seminar room
• Men’s and women’s bathrooms
• Community room with kitchen
12’-0” 
12’-0” 
12’-0” 
12’-8” 
0’-0” 
12’-8” 
24’-8” 
36’-8” 
48’-0” 
Upper Floors 
• 18,522 SF
• 22 double units per floor
• Community room with kitchen
Typical double unit with 2 bedrooms 
and 1 bathroom. 
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First Floor 
Upper Floors 
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Foundation Description and Details 
Footings -Continuous spread footings under walls
-Isolated spread footings under columns
Foundation Walls -16” CMU retaining walls (mechanical room)
Masonry Piers -16”x16”, reinforced
Slabs -6” SOG (mechanical room)
-4” SOG (remainder of ground floor)
Allowable Soil Bearing Pressure 3000 psf 
Concrete Compressive Strength -Mechanical room: 4000 psi
-Remainder of ground floor: 3000 psi
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Masonry pier 
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Design Loads and Criteria 
Roof 20 psf 
Residence 40 psf 
Corridor 80 psf 
Commons 100 psf 
Mechanical 125 psf 
Design Wind Speed 80 mph (allowable) 
Elevated floor dead load 67 psf 
Structural Systems 
Lateral Force Resisting System -Reinforced masonry shear walls
Framing System -Load-bearing reinforced masonry walls and steel framing
Floor System -2.5” normal weight concrete (3000 psi) on metal deck
-Supported by steel joists w/ some W-shape steel beams
Roof System -Steel trusses and painted roof deck
Flooring system (upper floors): 
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CMU walls supported by beams below (walls span second through fourth floors) 
Steel beam bearing onto exterior CMU wall 
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Envelope Summary 
• Exterior walls are reinforced masonry (load-bearing).
• Cladding: brick veneer.
• Roof is metal deck.
• Walls: 2” rigid insulation. Roof: R-19 batt insulation.
• Glazing: U-Factor: 0.65; SC: 0.8; Window-to-Wall Ratio: 0.25
• Window size: 4’-8”x 5’-4” (typical), 8’-0” x 9’-4” (commons area).
West Elevation 
East Elevation 
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North Elevation 
South Elevation 
Roof 
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Mechanical 
• 2 AHU’s in mechanical room (chilled water and steam provided from campus utility tunnel).
o These treat the gathering areas (which also have VAV terminal control units).
 Each gathering area has its own thermostat.
o Central duct down hallway provides treated outside air to suites (see figure below).
• (Vertical) fan coil units for each suite.
o Takes in air, heats/cools, and supplies to suite.
o Thermostat in each room.
Cross-section of hallway between suites. 
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Terminal unit piping schematic 
Electrical 
• 1 electrical room per floor,
• Card reader systems at exterior doors.
• Floor boxes in computer lab.
Plumbing 
• Piping in bar joist space (hung by hangers).
• Laundry rooms on first floor.
• Units served by central domestic water boiler.
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Appendix B 
Raw survey answers 
 
Table B-1: Raw expert answers to Page 1 questions (see Appendix A for questions). 
 
 Q1 Q2 Q3 Q4 Q5 Q6 
 LL LF S LL LF LS LS LL S LF LS S 
Arch #1 5 6 6 5 4 7 7 4 5 6 6 5 
Arch #2 7 4 1 10 7 4 2 9 3 8 6 5 
Arch #3 7 4 2 9 6 5 2 9 4 7 6 5 
Arch #4 7 4 7 4 3 8 6 5 4 7 7 4 
Struc #1 5 6 2 9 4 7 6 5 2 9 9 2 
Struc #2 4 7 4 7 7 4 5 6 2 9 6 5 
Struc #3 7 4 4 7 6 5 5 6 5 6 6 5 
MEP #1 5 6 5 6 6 5 5 6 6 5 4 7 
MEP #2 6 5 4 7 4 7 7 4 6 5 7 4 
MEP #3 6 5 5 6 7 4 4 7 5 6 4 7 
MEP #4 7 4 5 6 6 5 4 7 6 5 5 6 
Façade #1 7 4 5 6 3 8 5 6 7 4 7 4 
Geotech #1 4 7 5 6 6 5 7 4 3 8 7 4 
PM #1 7 4 4 7 5 6 4 7 5 6 6 5 
PM #2 4 7 6 5 6 5 9 2 5 6 7 4 
PM #3 6 5 5 6 7 4 6 5 4 7 7 4 
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Table B-8: Expert confidence self-ratings for questions 1-12 (see Appendix A). 
 
  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 
Arch #1 3 3 2 2 3 1 1 3 2 2 2 2 
Arch #2 3 3 3 1 3 1 2 1 3 2 2 2 
Arch #3 3 2 2 2 2 2 2 2 2 2 2 2 
Arch #4 2 3 2 3 3 1 1 1 2 2 2 2 
Struc #1 3 3 2 3 2 3 3 1 3 3 3 2 
Struc #2 2 3 2 1 2 2 3 1 3 2 2 2 
Struc #3 3 3 1 2 3 3 3 1 3 3 2 2 
MEP #1 3 3 2 3 3 1 1 3 2 2 1 3 
MEP #2 3 2 2 3 2 1 1 2 1 2 2 2 
MEP #3 2 2 2 2 2 1 2 2 2 2 2 2 
MEP #4 3 3 3 3 2 2 2 3 2 2 2 2 
Façade #1 2 2 3 2 2 3 3 1 3 2 2 1 
Geotech #1 3 3 2 2 3 3 2 1 3 3 2 2 
PM #1 3 3 3 3 2 2 3 3 3 3 3 2 
PM #2 2 1 3 1 3 2 1 1 2 2 2 2 
PM #3 3 3 2 3 3 1 1 3 2 2 1 3 
*1 = Not confident, 2 = Neutral, 3 = Confident 
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Appendix C 
Calculated weighting and scoring vectors 
 
Table C-1: Relative dimension weighting results from each expert. 
 
Expert Dimension Weighting 
Arch #1 
Loose fit 0.233 
Long life 0.193 
Simplicity 0.234 
Layer separation 0.339 
Arch #2 
Loose fit 0.240 
Long life 0.565 
Simplicity 0.079 
Layer separation 0.116 
Arch #3 
Loose fit 0.221 
Long life 0.515 
Simplicity 0.119 
Layer separation 0.145 
Arch #4 
Loose fit 0.195 
Long life 0.231 
Simplicity 0.217 
Layer separation 0.356 
Struc #1 
Loose fit 0.281 
Long life 0.279 
Simplicity 0.068 
Layer separation 0.372 
Struc #2 
Loose fit 0.291 
Long life 0.213 
Simplicity 0.250 
Layer separation 0.246 
Struc #3 
Loose fit 0.233 
Long life 0.339 
Simplicity 0.193 
Layer separation 0.234 
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Table C-1 (continued). 
MEP #1 
Loose fit 0.258 
Long life 0.261 
Simplicity 0.286 
Layer separation 0.196 
MEP #2 
Loose fit 0.190 
Long life 0.253 
Simplicity 0.191 
Layer separation 0.365 
MEP #3 
Loose fit 0.279 
Long life 0.306 
Simplicity 0.255 
Layer separation 0.160 
MEP #4 
Loose fit 0.212 
Long life 0.338 
Simplicity 0.256 
Layer separation 0.194 
Façade #1 
Loose fit 0.140 
Long life 0.301 
Simplicity 0.225 
Layer separation 0.334 
Geotech #1 
Loose fit 0.363 
Long life 0.186 
Simplicity 0.153 
Layer separation 0.298 
PM #1 
Loose fit 0.210 
Long life 0.368 
Simplicity 0.192 
Layer separation 0.230 
PM #2 
Loose fit 0.293 
Long life 0.132 
Simplicity 0.197 
Layer separation 0.377 
PM #3 
Loose fit 0.312 
Long life 0.257 
Simplicity 0.174 
Layer separation 0.256 
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Table C-2: Relative adaptability scoring results from each expert. 
 
Expert Building Example-Based 
Dimension-
Based 
Arch #1 
Building A 0.313 0.378 
Building B 0.240 0.169 
Building C 0.244 0.277 
Building D 0.202 0.176 
Arch #2 
Building A 0.317 0.305 
Building B 0.195 0.171 
Building C 0.287 0.353 
Building D 0.201 0.171 
Arch #3 
Building A 0.279 0.267 
Building B 0.199 0.167 
Building C 0.356 0.390 
Building D 0.167 0.176 
Arch #4 
Building A 0.305 0.383 
Building B 0.225 0.177 
Building C 0.307 0.294 
Building D 0.162 0.146 
Struc #1 
Building A 0.222 0.208 
Building B 0.227 0.249 
Building C 0.344 0.326 
Building D 0.207 0.216 
Struc #2 
Building A 0.292 0.291 
Building B 0.207 0.213 
Building C 0.300 0.250 
Building D 0.200 0.246 
Struc #3 
Building A 0.288 0.313 
Building B 0.244 0.254 
Building C 0.255 0.197 
Building D 0.213 0.236 
MEP #1 
Building A 0.355 0.287 
Building B 0.259 0.251 
Building C 0.216 0.264 
Building D 0.170 0.198 
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Table C-2 (continued). 
 
MEP #2 
Building A 0.405 0.490 
Building B 0.232 0.198 
Building C 0.194 0.191 
Building D 0.170 0.121 
MEP #3 
Building A 0.294 0.268 
Building B 0.266 0.275 
Building C 0.212 0.203 
Building D 0.227 0.253 
MEP #4 
Building A 0.208 0.254 
Building B 0.275 0.241 
Building C 0.277 0.290 
Building D 0.240 0.215 
Façade #1 
Building A 0.226 0.216 
Building B 0.270 0.249 
Building C 0.186 0.206 
Building D 0.317 0.329 
Geotech #1 
Building A 0.265 0.374 
Building B 0.236 0.183 
Building C 0.305 0.281 
Building D 0.195 0.161 
PM #1 
Building A 0.251 0.282 
Building B 0.277 0.229 
Building C 0.208 0.217 
Building D 0.264 0.272 
PM #2 
Building A 0.293 0.248 
Building B 0.187 0.195 
Building C 0.328 0.330 
Building D 0.192 0.228 
PM #3 
Building A 0.342 0.293 
Building B 0.249 0.250 
Building C 0.230 0.272 
Building D 0.179 0.186 
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Table D-2: Consistency ratio (CR) values for dimension-based questions (Q13-Q16) and 
dimension comparison page (Dim) (see Appendix A for questions). 
 
Expert 13 14 15 16 Dim 
Arch #1 4.7% 6.0% 11.0% 6.1% 1.0% 
Arch #2 3.0% 2.6% 1.6% 8.5% 2.7% 
Arch #3 2.9% 0.2% 1.1% 7.8% 1.9% 
Arch #4 1.6% 6.4% 4.7% 1.1% 11.4% 
Struc #1 6.3% 8.1% 1.0% 0.3% 1.6% 
Struc #2 0.3% 3.3% 4.6% 0.3% 1.9% 
Struc #3 1.6% 1.7% 7.5% 1.6% 1.0% 
MEP #1 0.3% 8.7% 1.0% 0.3% 1.6% 
MEP #2 3.2% 5.3% 0.3% 3.8% 1.6% 
MEP #3 1.6% 0.3% 3.9% 1.0% 0.3% 
MEP #4 1.6% 3.0% 3.2% 3.2% 0.3% 
Façade #1 0.4% 14.3% 5.7% 1.6% 1.7% 
Geotech #1 0.3% 2.9% 8.5% 5.1% 0.4% 
PM #1 1.6% 9.4% 5.1% 6.9% 0.3% 
PM #2 1.7% 7.4% 0.8% 0.4% 5.2% 
PM #3 0.3% 8.7% 1.0% 0.3% 3.6% 
*shaded cell indicates that the question was re-done by the expert to improve consistency ratio. 
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Appendix E 
Calculated survey results from OBRC conference (Dec 2018) 
 
Table E-1: Calculated dimension weightings from conference participants. 
 
 Dimension Weightings   
Expert 
ID Loose fit 
Long 
life Simplicity 
Layer 
separation 
Consistency 
Ratio 
Is CR ≤ 
15% ? 
1 0.060 0.055 0.123 0.762 4.7% yes 
2 0.208 0.085 0.032 0.675 67.1% no 
3 0.218 0.691 0.069 0.022 54.8% no 
4 0.330 0.330 0.330 0.010 273.7% no 
5 0.299 0.493 0.116 0.093 8.7% yes 
6 0.064 0.149 0.541 0.246 5.1% yes 
7 0.304 0.084 0.486 0.125 6.3% yes 
8 0.361 0.218 0.107 0.314 4.7% yes 
9 0.188 0.326 0.141 0.345 12.4% yes 
10 0.217 0.283 0.108 0.391 3.3% yes 
11 0.254 0.277 0.292 0.177 4.7% yes 
12 0.340 0.392 0.237 0.031 4.7% yes 
13 0.495 0.167 0.187 0.150 49.1% no 
14 0.197 0.306 0.367 0.131 49.3% no 
15 0.228 0.330 0.302 0.140 1.9% yes 
16 0.314 0.218 0.107 0.361 4.7% yes 
17 0.260 0.238 0.240 0.262 1.5% yes 
18 0.261 0.069 0.187 0.483 4.3% yes 
19 0.278 0.460 0.137 0.125 4.7% yes 
20 0.405 0.202 0.165 0.228 3.3% yes 
21 0.769 0.084 0.077 0.070 0.3% yes 
22 0.134 0.513 0.310 0.042 5.1% yes 
23 0.664 0.103 0.161 0.071 76.0% no 
24 0.232 0.192 0.174 0.402 12.4% yes 
25 0.151 0.182 0.111 0.556 42.0% no 
26 0.224 0.268 0.413 0.094 17.8% no 
27 0.279 0.328 0.252 0.142 3.3% yes 
28 0.169 0.104 0.276 0.451 9.1% yes 
29 0.317 0.431 0.074 0.177 19.0% no 
30 0.220 0.354 0.073 0.353 15.5% no 
31 0.226 0.207 0.107 0.460 4.7% yes 
32 0.324 0.286 0.108 0.282 52.0% no 
33 0.488 0.251 0.214 0.047 18.4% no 
34 0.371 0.431 0.084 0.114 19.0% no 
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Table E-2: Averaged dimension weightings (with inconsistent results omitted). 
 
Loose fit Long life Simplicity 
Layer 
separation 
0.269 0.249 0.214 0.269 
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Appendix F 
Calculated dimension presence vectors 
 
Table F-1: Calculated dimension presence vectors from survey participants. 
 
Expert Building Long Life Loose Fit Simplicity Layer Separation 
Arch #1 
Building A 0.458 0.200 0.404 0.405 
Building B 0.188 0.183 0.172 0.146 
Building C 0.248 0.407 0.249 0.243 
Building D 0.106 0.210 0.174 0.206 
Arch #2 
Building A 0.173 0.338 0.192 0.488 
Building B 0.086 0.210 0.194 0.137 
Building C 0.615 0.280 0.306 0.202 
Building D 0.125 0.172 0.308 0.173 
Arch #3 
Building A 0.288 0.258 0.355 0.195 
Building B 0.104 0.194 0.132 0.197 
Building C 0.494 0.333 0.350 0.467 
Building D 0.114 0.215 0.162 0.141 
Arch #4 
Building A 0.367 0.311 0.272 0.507 
Building B 0.147 0.216 0.203 0.152 
Building C 0.388 0.235 0.391 0.220 
Building D 0.098 0.237 0.134 0.121 
Struc #1 
Building A 0.210 0.193 0.219 0.217 
Building B 0.179 0.329 0.269 0.238 
Building C 0.519 0.237 0.123 0.285 
Building D 0.092 0.241 0.390 0.260 
Struc #2 
Building A 0.320 0.272 0.195 0.311 
Building B 0.182 0.225 0.323 0.196 
Building C 0.360 0.140 0.102 0.236 
Building D 0.139 0.363 0.380 0.258 
Struc #3 
Building A 0.432 0.210 0.321 0.338 
Building B 0.216 0.330 0.214 0.214 
Building C 0.217 0.158 0.193 0.235 
Building D 0.135 0.302 0.273 0.212 
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Table F-1 (cont). 
MEP #1 
Building A 0.299 0.431 0.197 0.212 
Building B 0.284 0.180 0.284 0.256 
Building C 0.263 0.240 0.235 0.338 
Building D 0.154 0.149 0.285 0.194 
MEP #2 
Building A 0.574 0.312 0.336 0.651 
Building B 0.139 0.257 0.279 0.146 
Building C 0.196 0.274 0.211 0.120 
Building D 0.091 0.158 0.175 0.082 
MEP #3 
Building A 0.397 0.194 0.187 0.312 
Building B 0.246 0.284 0.335 0.216 
Building C 0.204 0.214 0.155 0.257 
Building D 0.153 0.308 0.322 0.215 
MEP #4 
Building A 0.303 0.197 0.340 0.189 
Building B 0.235 0.283 0.213 0.209 
Building C 0.285 0.258 0.273 0.372 
Building D 0.177 0.262 0.174 0.230 
Façade #1 
Building A 0.247 0.186 0.208 0.235 
Building B 0.204 0.298 0.231 0.237 
Building C 0.349 0.153 0.172 0.216 
Building D 0.200 0.363 0.389 0.311 
Geotech #1 
Building A 0.466 0.234 0.109 0.488 
Building B 0.104 0.308 0.329 0.128 
Building C 0.352 0.177 0.211 0.295 
Building D 0.078 0.281 0.351 0.089 
PM #1 
Building A 0.273 0.259 0.355 0.265 
Building B 0.149 0.283 0.167 0.268 
Building C 0.378 0.177 0.101 0.232 
Building D 0.200 0.281 0.377 0.236 
PM #2 
Building A 0.301 0.251 0.117 0.274 
Building B 0.115 0.155 0.235 0.250 
Building C 0.485 0.366 0.434 0.141 
Building D 0.099 0.228 0.214 0.334 
PM #3 
Building A 0.299 0.431 0.197 0.212 
Building B 0.284 0.180 0.284 0.256 
Building C 0.263 0.240 0.235 0.338 
Building D 0.154 0.149 0.285 0.194 
